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SUMMARY

Improvements in electronic and electro-optic sensor technology have led to

improved potential for design and effective application of "mini" remotely

piloted vehicles (RPVs) In battlefield surveillance and targeting. To examine

and test this new technology for battlefield applications, the Army initiated

the Aquila RPV System Technology Demonstrator (RPV-STD) program in

December 1974 with Lockheed Missiles & Space Company, Inc., Sunnyvale,

California. Army direction was provided by the U.S. Army Aviation Systems

Command (AVSCOM)*, St0 Louis, Missouri. The program was conducted under

contract DAAJ02-75-C-0005 nd administered by the Eustis Directorate, U.S.

Army Air Mobility Research and Development Laboratory**, Fort Eustis, Virginia.

It consisted of (1) the design and fabrication of an RPV system using current

,airframe, propulsion, sensor, command and control, and data link technology;

(2) demonstration of that system and its associated technology in field tests; and

(3) training and support for Army hands-on demonstration.

The RPV payload applications examined involved five phases having increasing
sophistication. Phase I, real-time TV surveillance, employs an unstabilized,

zoom (10:1) TV camera with azimuth and elevation control relative to the RPV.

Phase II, real-time surveillance plus photographic reconnaissance, employs

the unstabilized TV camera plus a 35-mm mini-pan film camera. Phase M,
target acquisition, employs a gyro-stabilized zoom (10:1) TV camera with a

look-on scene tracker. Phase IV, target location and artillery adjustment,

adds a laser to the stabilized TV for precise rawn. Phase V, target desig-

nation, urs the same payload as Phase TV, but maintains the humr precisely

*RodoSjnOid U.S. Army Avlatin Researoh and Development Command

(AV ADCO),ff I Wy 1977.
**Rodo@gn AppHWo Toolhoof Laboratory, U.Sa. Army Research and Toobnoloity

Laboratories (AVR3DCa), effective 1 September 1977.
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on target to direct laser homing projectiles or missiles. Each RPV can carry

any one of these sensor options.

The payloads are flown in an autopilot-stabilized RPV that provides timely

access to a wide area of the battlefield. The sea level speed (63 to 168 km/h)

and altitude (5,000 m) capability permit the rapid positioning of the RPV so that

the greater part of the 3-hour flight endurance can be directed to mission.

activities. The 12.35-ft span, 6-ft length, and 146-lb (maximum) weight of

the RPV permit efficient ground handling. Rapid checkout is accomplished

using a semautomatic- or manual-mode suitcase-sized electronic tester.

The mobile ground support system consists of the ground control station (GCS),

self-contained pneumatic launcher, and vertical barrier retrieval systems.

The GCS and launcher are mounted on standard M36 trucks and the retrieval

system is mounted on two M345 trailers. Electrical power for the Aquila sys-

tem is provided by two trailer-mounted diesel-electric generators. The system

is designed to permit examination of the tactical potential of a mobile, deployed

RPV system operating from unprepared sites, with multiple sorties per day,

battlefield coverage up to 20 km from the launch site, and selectable sensor

applications.

System operation offers a broad array of performance, maneuver, search, and

targeting capabilities. Following RPV launch, the RPV operator may direct a

fully automatic mission of waypoint, search, or loiter options or may elect to

manually direct the RPV flightpath, whichever is required by the mission. No

pilotqualifled skills are required as the RPV is autopilot stabilized and flight

parameters are easily selectable at the RPV operator console. The data link

permits operations up to 20 km from the GCS. Independent of RPV flight param-

eters, the sensor operator has full control of sensor operations and is free to

concentrate on targeting functions over the battlefield area.

4
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Recovery of the RPV is semiautomatic. Following preprogrammed waypoints

to set up the approach path, the sensor operator selects the video display from

a ground-mounted camera aimed precisely up the 4-deg approach path, sights

the approaching RPV, and tracks its progress with an electronically generated

reticle on his video display. The GCS computer then corrects the RPV flight-
path to engage the vertical net of the retrieval system. The longitudinal momen-

tum of the RPV Is then absorbed and the RPV settles into the horizontal landin

net strung between the two M345 trailers. Checkout and refueling of the

recovered RPV, or of another RPV, permit early initiation of the next sortie if

desired.

Following contract initiation on 20 December 1974, a concentrated program of

design and engineering testing led to the first vehicle flight on 1 December 1975

at Crows Landin Navy Auxiliary Landing Field, California. After six pre-
liminary system check flights by the contractor, field test opervAons were

moved to Fort Huachuca, Arizona. A series of RPV losses early In the test
program resulted from a variety of design, recovery technique, and procedural

weaknesses. A program of design and operations refinement was then accom-

plished to improve system reliability. While field testing was in progress,
training of Army personnel at LMSC and in the field was accomplished. Vali-

dation of the RPV and ground support system operation, including Army train-

Ing ftlits, was completed on 22 April 1977. Mission capability, Including

sensor operations, was then evaluated from 28 April 1977 to 19 July 1977.

Participation by Army personnel was increased to finalize Army training.

Following suocessful mission capability demonstration, the first RPV system

was formally delivered to the Army on 15 July 1977. Army hands-on flight

*teatiog by U.S. Army Trainin & Doctrine Command (TRADOC) and the U.S. Army

Electronic Proving Ground (USAEPO) began in July 1977.

Lockheed and Army tests have validated and defined the operational capability

of the Aquila RPV systm in 149 test flights. Mission operations were con-
ducted routinely by Army personnel during the course of the test program, and

evaluations of the results of these operations are being reviewed for develop-

ment of ftaoti al system requirements.
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The Aquila RPV system has provided the Army with experience in applications

of current RPV technology to targeting missions in the modern battlefield.

Experience with the system in field tests points toward a greatly improved

capability to observe, identify, locate, and! strike enemy targets using con-

ventional or guided artillery projectiles or missiles.
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PREFACE

The Aquila RPV-STD program was conducted in accordance with contract DAAJ02-75-

C-0005, RPV System Technology Demonstrator Program, and Lokheed's proposal,

Remotely Piloted Vehicle System Technology Demonstrator Program (RPV-STD) for

the U.S. Army, LMSC-D056091, 30 August 1974.

This report Is submitted in three volumes. Volume I, Aquila System Descrip-

tion and Capabilities, provides a complete description of the Aquila system, its

operation, and its capabilities. Comparison witl] program requirements and

goals Is also provided. Volume II, Aquila Sys~tm Evolution and Engineering

Testing, describes the design evolution and ground testing leading to the final

Aquila design, and describes the problems encountered and solutions employed.

Volume I, Aquila Field Test Program, describes the field testing, Including

flight tests, and summarizes the results of those tests.

The success of teAula RPV-STD program is attributable in large measure to

the many Army personnel who supported and participated in the program. They

are too numerous to name in this brief paragraph, but LMSC wishes to gratefully

acknowledge their support. Two of the Army participants who must be acknowledged

are LTC Davies Powers, RPV Development Manager at the U.S. Army Aviation

Research & Development Command, St. Louis, Missouri, and COL Sherwn Aroulis,

U. S. Army Training and Doctrine Command Systems Manager, Fort Sill,

* Oklshoma. They and their staffs, In providing program direction and coordinating the

program with the many p pating Army headquarters, planning groups, laboratories,

and testing agencies, were essential to program success.
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Also contributing directly to the success of the Aquila program were several

complementary contract programs, including (1) Trainer Simulator System,

DAAJ02-75-C-0055; (2) Installation and Checkout of RPV Sensors In the Otter U-1A

Aircraft, DAEA18-75-C-0165; (3) ICNS Aquila-Otter Mini-RPV System Feasibility

Demonstration, DAABO7-77-C-2160; (4) ICNS/Aquila Mini-RPV System Integration,

DAAB07-76-C-0903; (5) Eye-Safe Training Sensor, DAAK70-76-C-0256; (6) ARMS Model

for RPV, Loan Agreement DAAJ02-76-A-0001; Field and Technical Support of Army

RPV Programs, DAEAl8-77-C-0107 (Note: Code identification 17077 applies to all

program references.).

*
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Section I
INTRODUCTION

1.1 BACKGROUND

The Army has long sought an effective remotely piloted vehicle (RPV) to enhance

its capability for battlefield surveillance and targeting. The operational flexibility

and utility of a small RPV have constantly attracted Army interest. Continual

improvements in RPV technology have increased the potential of RPVs and have

made likely the development of the system or systems to meet the Army's needs.

This technology includes miniaturized electronics, electro-optical sensors,

structural materials, data links, and minicomputers.

During 1973 through 1975, the Defense Advanced Research Projects Agency

(DARPA) conducted RPV research in its Praetre, Calare, and Aequare pro-

grams. Using airframes ranging from model airplanes to modern, molded

fiberglass vehicles, electronics ranging from model airplane radio controls

to electronic autopilots, modern satellite-derivative data links, tracking

antennas, and high-speed computers, the DARPA programs demonstrated

RPVs with modern video, laser, and infrared sensor prototypes. Demon-

strations included finding and identifying targets, and even directing a

cannon-launched guided projectile to a direct hit on a tank target. A her

examination of RPV technology was conducted by the Army in its Remotely

*Piloted Aerial Observer/Designaor System (RPAODS) program at Fort

Huachuoa, Arizona, In 1974. All of these efforts were conducted by contractor

personnel.

* Based on the previous RPV experience in the Army and th results of the

more recent technology programs, the Little r' programwas conceived.
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The term Little 'r' refers to the less-than-formal required operational capa-

bility (ROC) formulated for the Army RPV system. The approach taken by the

Army was to use this Little 'r' document as a basis for the requirements of an

RPV system technology demonstrator (REPV-STD), to procure such a system

with sufficient hardware for conclusive field testing, to operate and evaluate

the system with Army personnel, and, after careful review, to reevaluate and

formalize the ROC. The Aquila program represents the system procurement

and the Army "hands-on" testing portions of that plan.

1.2 EARLY HISTORY

The forward observer and "grasshopper" observation aircraft became legendary

in World War [1 as indespensible and often heroic eyes for the field artillery.

Technological advances quickly rendered the light aircraft obsolete and forced

the forward observer to evolve different techniques. The net result was a

reduction" in the range at which artillery targets could be effectively and accu-

rately located.

The technology explosion in tacticel missiles during the mid 1950's increased

this target-locating deficiency and rerved as a catalyst for a multimillion

dollar intensified drone/RPV development program. The resulting SD series

of drones were disappointing in that, whether fielded with insufficient de-

velopment or being overly sophisticated, they placed too great a maintenance

burden on the commanders and/or became too costly to operate.

These disa ts produced significant lessons, including: (1) requirements,

relative to both needs and teolnology, must be realistic, (2) technology demon-
strations, allowing user participation and feedback, should precede full-scale

engineering davelopments, (3) adequate funding must be programmed to sustain

the necessary development without continuous modifications to avoid cost and

schedule overruns, and (4) ease of operation by the troops and minimum main-

tonanoe burden are essential. With this background and history, the Army has

formulated and is in the proceu of completing the Aquila RPV-STD program.
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1. 3 OBJECTIVES

The objectives of the Aquila program, performed under contract DAAJO2-75C-
0005, were to (1) Integrate and demonstrate the current technology of airframe,
propulsion, sensor, command and control, and data link for RPV systems, and
(2) provide training and support for Army hands-on training. The underlying
purpose of the program was to design and fabricate a quantity of R.PVs, sensors,

and RPV support systems for use In an Army demonstration program to deter-

mine, by actual Army hands-on usage, the capabilities of RP V systems for

surveillance, target acquisition, and target designation.

1.4 STATEMENT OF THE PROBLEM

The problems posed by the Aquila contract were to: (1) combine, on

an extremely ambitious schedule, existing equipment, modified or adapted

components, prototype sensors, and new elements (such as the airframe) into

an effective system technology demonstration system which could find, locate,
Identify, and designate field targets for Army artillery; (2) produce quantities
of RPVs and support equipment with minimum engineering development; and
(3) adequately train Army crews to deploy, maintain, check out, and operate
the system in field maneuvers. In essence, the Aquila RPV-STD system had
to effectively represent a postulated tactical system in the field, operated by
trained Army personnel, at a small fraction of the cost of the development of
the tactical system.

1. 5 PLAN OF THE REPORT

This volume, Volume I of three, describes the Aquila RPV-ETD system, as
delivered to the Army, and its performance as demonstrated In field tests.

3



Section UI provides orientation for the reader by describing the mission of the

Aqulla system, its relationship to a postulated tactical mission, and validation
of the Aquila system mission capabilities. Sections HI through V describe the

Aquila system hardware and Its capabilities, and compare those to program
requirements, goals, and objectives. Section HI describes the RPV, with sub-
sections detailing the airframe, power plant, flight control system, and
sensors. Section IV describes the data link system, Including all airborne and
ground-based elements. Section V describes the ground support system with
subsections detailing the ground control station, the launcher, the retrieval
system, the electrical generation system, and ground support, test, and
checkout equipment. Sections V1, Site Selection and Geometry, and Section
V11, System Operation, describe the field deployment of the system and its
operational options and capabilities. Section VMI summarizes the conclu-
sions of the program relative to the Aquila system performance and to the
potential for a tactical system.
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Section II

MISSION

The basic mission of the Army Aquila Remotely Piloted Vehicle System Tech-

nology Demonstrator (RPV-STD) program is to determine, through operation

by the Army, the capabilities of RPVs for surveillance, target acquisition, and

target designation on modern battlefields.

2.1 MISSION DESCRIPTION

The tactical system that the Aquila RPV-STD represents is shown in Figure 1.

Located near the forward edge of the battle area (FEBA), the system provides

surveillance, photo reconnaissance, target detection, target identification,

target location, artillery fire adjustment, and target designation functions over

the local battlefield. The Aquila system, Figure 2, was designed for capa-

bilities that would allow the Army to Investigate the utility and effectiveness of

the tactical system that it represents. The mission-related capabilities se-

lected are as follows:

* Airframe commonality with all sensors

0 Multiple sorties per day

* Operation from unprepared sites

* Minimum crew size

0 Minimum time/skill for operation

* * Low detectability

* Mobility, using conventional Army ground vehicles

0 Compatibility with standard Army equipment

0 Adequate RPV performance

e Computer-controlled flightpath and search patterns

k Tarpt detootlon, identification, loostion, and designation capability
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To conduct its mission, the Aquila system is first transported to a selected

site by standard Army trucks. The site is selected and the system set up with

consideration given to local terrain, winds, and obstacles to permit reliable

launch, tracking, and recovery. The site is located accurately within the UTM

coordinate system. The RPVs are then uncrated and assembled. Suitable sen-

sors are installed in the RPVs depending upon the function to be performed. The

ground control station (GCS) and RPVs are checked out and readied for flight.

The RPV is launched into a programmed flightpath (with manual operation op-

tional), possibly Including automatic search and loiter patterns. Video and

status information is constantly provided through the data link to the GCE
The data link also provides for control of the sensor(s) on the RPV to achieve

the mission objective. Upon mission completion, the RPV is guided through a

preset series of wpoints to the recovery approach path. The RPV i re-

covered semiautomatically by computer-g6nerated corrections to error sig-

nals formed as the sensor operator in the GCS tracks the incoming RPV on a

ground-based video camera display looking directly up the glide slope. Data

from the flight are recorded on video and electronic tape recorders in the

ground control station. Selected information can be recalled immediately while

complete data printout and analysis are usually scheduled for a remote com-

puter facility. The recovered RPV can. be rechecked or another RPV readied

for the next mission. Upon completion of the operations at a given site, the

system can be dismantled and moved to the next site or into storage.

2.2 REQUIREMENTS AND CAPABIL1TIES

To effectively mot the Aquila system mission requirements, certain capa-

bilitie were necessary. These requirements and capabilities are discussed

In the following paragraphs.
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2.2.1 Airframe/Sensor Compatibility

Flexibility in sensor selection was required to permit assessment of RPV/

sensor effectiveness without resorting to exclusive RPV/sensor combinations.

Therefore, the airframe was designed to accommodate any one of four sensor

configurations: (1) an unstabilized TV camera, (2) an unstabiltzed TV camera

plus a 35-mm film camera, (3) a stabilized TV camera, or (4) a stabilized TV

camera plus a laser ranger/designator. Since the payload compartment was

not on the RPV center of gravity, a ballast kit was provided with each payload.

The flexibility was demonstrated in contractor flight tests at Fort Huachuca

during May, June, and July 1977 when RPV 014, in test flights 45, 47, 29, and

58, flew the sensors in the order listed above. Sensor changes were also ac-

complished in other RPVs as mission and test flexibility required.

2.2.2 Multiple Sorties Per Day

The system was designed for up to four sorties per day, limited only by crew

endurance, data recording capacity, and the availability of expendables such

as fuel for the diesel-powered electric generators. The only other limitations

would be mission time and checkout time. During contractor flight testing multi-

pie flight operations were limited to two per day by system checkout time and

crew endurance. Flights of two RPVs on the same day (flights 40 and 41 on 22

April 1977, 47 and 48 on 14 May 1977, and 61 and 62 on 7 July 1977), and two

flights of the same RPV on the same day (54 and 55 on 12 June 1977, and 68 and

69 on 26 July 1977) were achieved during system field tests.

2.2.3 Simple Low-Cost RPV

The requirement for a simple, low-cost design was approached in several ways:

selection of off-the-self subsystems to assure an aooeptable compromise between.

cost and reliability, intensve B4PV desig eview during RPV evolution to assure

that ohckout and m ae prooedures oould be accomplished without hih
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specialized personnel, assembly and maintenance that require no special tools,

simplification of equipment interfaces involved in manual operations to provide

simple system preparation, closing flight control inner loops onboard the RPV

to prevent human error causing out-of-control flights, and use of molded struc-

ture and commercial grade components to allow low-cost RPV construction. he

scope of the program required extensive use and adaptation of off-the-shelf

hardware to minimize cost, and this approach precluded development of "optimum"

subsystems.

2.2.4 Operation From Unprepared Sites

This requirement reflects the desire for operational flexibility. The major

components of the Aquila system are taken to the site and operated while mounted

on wheeled vehicles (M36 trucks for the GCS and launcher, and M345 trailers

for the retrieval system). Requirements for system operation dictate a site

where clear launch and recovery fllghtpaths are assured and where height and

geometry variations between the GCS, launcher, and retrieval system do not

violate tracking antenna slew rates and radio frequency antenna patterns.

Limited demonstration of site flexibility was accomplished during the contractor

and Army flight tests, with operations conducted at the Fort Huaohuca Remotely

Piloted Aerial Observer/Designator System (RPAODB) site (flat slope with

sagebrush), the Fort Hushuoa western range (grassy hilltop), and the Fort

Huachuos eastern range (rolling hills with sagebrush and grass). Some site

preparation was required, such as cutting brush in the recovery approach path;

however, additional preparation was made at some sites to accommodate test

support and instrumentation facilities.

2.2.5 Minimum Crew Size

This raqutrement is direted toward minimum opmtinal ooot and, f'xibIlity.

Durft arly test *Ues, test orew miss was is to -Aoommodte mnnn of .he
trmisntaton test van, simulteoom okout and fliht test opeations,
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engineering field support during shakedown. As the testing progressed, a basic

crew size of eight evolved: test director, RPV operator, sensor operator,

launcher operator/recovery system rigger, generator operator/recovery system

rigger, safety/range coordinator, technical inspector, and laser range safety

officer. The last three relate to range testing, and not to system operation.

2.2.6 Minimum Time and Skill for Operation

This qualitative requirement is directed toward maximum tactical flexibility
and minimum operational cost. Early estimates indicated a system setup time

of approximately 1 hour. As the Aquila system evolved and emphasis on opera-

tional reliability was stressed, it became apparent that the program scope would

not allow for the system component development and training necessary to produce

such short setup times. However, it is noted that on 15 July 1977 Army per-

sonnel moved on Aquila ground support system Into the Eastern test range at

Fort Huachuca and set it up ready for checkout in approximately 12 hours of

accumulated time, including shakedown of a new recovery system. The skill

level of Army personnel operating the system during the Army field tests ranged

from E3 to E6.

2.2.7 Low Detectability

This requirement applies to both the airborne and ground support systems.

Detectability considerations of the ground-based system have been limited to

minimizing system element size and using conventional Army paint schemes.

Specific camouflage techniques have not been developed; however, the system

elements should be no more difflult to conoeal than odor mobile electronic

systems, and in some respects easier due to the absence of large rotating

alnn". RPV detotability has been reduoed through profile shaping and en-

closing the engine. The small size and special contours offer a small radar
cross section compared to conventional manned aircraft, similar to that of a

t large bird.
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2.2.*8 Mobility Using Conventional Army Ground Vehicles

Ihis requirement is met by mounting the GCS and the launcher on M36 trucks,

the recovery system on two M345 trailers, and the generators on smaller

trailers. The transportability of the system has been demonstrated in moves to

different test sites at Fort Huachuca during the test program.

2.2.9 Compatibility With Standard Army Equipment

This requirement is directed toward operational flexibility. Compatibility with
trucks and trailers has been demonstrated. Provisions are made in the GCS
for standard Army radio gear. Beyond that, the RPV-STD system is self-

contained and requires no other support equipment for operation (other than

normal logistic functions). Expanded communication links will be required
for the tactical system for suitable communication with fire control and head-

quarters groups.

2.2.10 RPV Mission Performance

This requirement is directed toward effective, efficient, and timely placement

of sensors over areas of interest. .The RPV performance has proven effective

in this respect. Payloads up to 40 lb have been carried. Maximum flight en-

durance ranges from 1 hour to 3 hours, depending on the speed and maneuvers

planned for the flight; the operating radius is 20 kan, determined by the data

link; the velocity rapg is from 63 to 160 km/h; and the maximum altitude

attained was 3, 660m above sea level. This performance permits emphasis

on search and targeting, with little time required for BPV transient and climb

maneuvers,
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Tarmet Recognition. The specification was to recognize tank-size targets,
with 50-percent probability, at a slant range of 1,000 m after target selection.
The contractor flight test program indicated a range of 938 m. This perfor-
mance was for the RPV system with the unstabilized video camera. Again,

RPV motion degraded the system capability.

Mini-Pan Film Camera Capability. While the desired resolution with the film
camera was not specified, film records taken during contractor flight tests

show a resolution potential of 75 lines per millimeter. This is a greater reso-
lution than that necessary to verify the target detection and recognition capa-

bility of the unstabilized video camera.

Target Acquisition. Using the stabilized video camera, the slant range specffi-
cations for 50-percent probability of target detection were 5,000 m for a tank
target on a road and 2,500 m in a field. The specification for minimum recog-
nition slant range to the target (50-percent probability level) using the stabilized

video camera was set at 2,200 m. Flight tests (17 measurements) indicate a
mean value of 4,845 m slant range for target detection on roads, and a mean
2,282 m slant range (11 measurements) in a field. The mean slant range for

target recognition (15 measurements) was 1,747 m.

Target Location. A specification of 100-m circular error of probability (CEP)
and 75-m (50-percent probability) altitude was assigned for target location
accuracy at target ranges of 20 km from the GCS and 2 km from the RPV using
a co-mounted laser with the stabilized video camera. Contractor testing was
limited to one flg t for target location after system shakedown and prior to

delivery to the Army. The CEP of the locations indicated by the RPV system
(RPV to target range from , 580 into 3,425 m and target ranges of 1 kn to
21 km from the ground station) was 253 m. The mean altitude error for these

data was 71 m.
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Burst Qft. No actual artillery burst adjustment was accomplished during
contractor testing. Later Army testing accomplished actual artillery burst
adjustment operations.

Target Designation. Tracking stabilization was specified such that 90 percent
of the laser beam spot will remain on a 2.3-m by 2.3-m, high-contrast, square
target 95 percent of the designation time at a slant range of 2,500 m. In the
single scoring test prior to Army delivery, all laser hits observed were within
a 2.3-m circle offset by 2 m from the center of the target. The sensor was

subsequently reboresighted.

RPV Navigation Accuracy. In support of and as part of target location accuracy,
RPV location accuracy has to be more precise than that for target location.
Demonstrated RPV location accuracy (determined with the AN/FPS-16 tracking
radar) was 440 m CPE and *15 m in altitude at ranges up to and including 20 km.

RPV Recovery Navi ation Acocuacy. The recovery guidance system was designed
with permissable "center spot" lateral and vertical miss distances of *10 ft and
*6 ft, respectively. Flight test performance, considering 16 recoveries, shows
a 2a vertical miss of *1.6 ft and a 2a lateral miss distance of 3.2 ft, well within
the band of acceptable miss distances. The greatest vertical and horizontal

miss distances encountered were 1.3 ft vertically and 3.9 ft horizontally during
successful recovery.
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Section M1
REMOTELY PILOTED VEHICLE

The Army XMQM-105 (Aquila) remotely piloted vehicle (RPV) is shown In

Figure 3 In launch and recovery operations during contractor field testing at

Fort Huachuca, Arizona. The RPV consists of the airframe, the power plant
and electrical system, the flight control system, one of four sensor configura-

tions, and airborne elements of the command/control data link. This section
of the report describes the RPV and Its subsystems, and defines their char-

acteristics and capabilities.

3.1 RPV CHARACTERISTICS

The XMQM-105, shown In general arrangement in Figure 4, provides a stable

airborne platform capable of carrying targeting sensors at effective

speeds, altitudes, and ranges under simulated tactical battlefield conditions.
Its purpose Is to provide the U.S. Army hands-on evaluation of sensor

and RPV capabilities. The principal mission of the Aquila is surveillance, tar-
get acquisition, fire adjustment, and target designation in support of ground

forces.

Significant features of this swept-wing, shrouded pusher propeller mini-RPV

include:

" A collapsible-bladder fuel tank

* Removable wings for storage

* Lightweight Kevar construction

" Pneumatic rail launch

" Vertical barrier net recovery

The oharaoteristcs of the Aquila RPV are listed in Table 1 and discussed in

the following paragraphs.
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Figure 3. Aquila RPV in To nh uand Recovery OperatIons
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TABLE 1. STANDARD AIRCRAFT CHARACTERISTICS

(A) DIMENSIONS

Fuselage

Length 74 in.

Height 12 in.

Cross Section Variable ellipse

wing

Area (Projected) 31. 4 ft 2

Span (Overall) 12.35 ft

Area (Reference) 30.2 ft2

Span (Reference) 11.5 ft

Root Chord (WS 0) 40 in.

Tip Chord (WS 69) 23 in.

Mean Aerodynamic Chord (MAC) 32.26 in.

LE MAC Location FS 130.29

0.25 MAC Location FS 138.36

Aspect Ratio (Overall) 4.86

Taper Ratio 0.58

Sweep, Leading Edge 28 deg

Sweep, 0.25 Chord 25.2 deg

Dihedral, TrallIng Edge 4 deg

Incidence (Ws 13) +3 deg

SIncfdee (WB 69) 0 deg

Airfoil Section NACA 23015 (modIfied)
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TABLE 1. (Continued)

Eleyon (Per Side)

Area 1.40 ft2

Span 2.61 ft
Hinge Line 76.5-percent wing chord

Average Chord (Aft of Hinge Axis) 0.54 ft

Deflection Limits (deg)

" Pitch (command limit) -21, +9 Note: elevon

" Phugod Damping (autopilot limit) -16, +4 deflection

" Roll (command limit) -18, +6 TE upTE down +
* Combined Maximum (pitch, roll limit) -31, +19

Duct

Diameter (Inlet) 21.75 In.

Diameter (Exit) 20.89 in.

Chord 7.0 In.

0.25 Chord Location FS 165.0

Incidence (Duct Centerline) 0 deg

Airfoil Section NACA 23015

(B) RPV WEIGHTS

Sensor fIb) RPV Weight (lb)

Payload Empty Gross (a)

Sony TV Camera(b) - 112 127

Phase I Sensor 25.7 117 132

Phase II Sensor 38.7 130 145

Phase M Sensor 31.7 124 138
PhaseWIVSensor 39.9 131.6 146.5
Phase V Sensor 39.9 131.6 146.5

(a) 15 lb of fuel (14.5 ib usable); maximum capability - 160 lb at
sea level.

(b) Development fg test only.
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TABLE 1. (Continued)

(C) ENGINE RATINGS

Condition rVm HP Min.

Maximm(a) 8,300 11.7 Continuous

Minimum (idle) 3,900 1.8 Continuous

(D) POWER PLANT

Number and Model (1) MC1O1MC

Manufacturer McCulloch

Engine Spec. No. 5542016

Engine Type Reciprocating gasoline; two-
cycle, one-cylinder

Length 12.0 in.

Height 10.8 in.

Width 9.0 in.

Weight (Dry) With Propeller Hub 13.4 lb

Propeller Manufacturer Propeller Engineering Duplication

Propeller Description Fixed pitch, wood; two blades,
19.5-in. diam., AF 150; blade
angle (0.75R), 20 deg

Static Sea Level Thrust 40 lb

(E) FUEL

Location Upper center fuselage
(fuel bladder)

Number of Fuel Cells One

SCapacity 2.5 gal
Type Aviation 100/130 ootane, mixed

16 to 1 with commercial two-
cycle oil.

SMIL-F-5572

(a) Maximum, military, and combat power are all the ame.

41



TABLE 1. Continued

(F) ELECTRONICS

Autopilot * Analog
0 Rate Gyro Stabilized (two

gyros, three axes)

* Waypoint Guidance

Communications (G Band) 0 Command and Control

* Status

0 Video

Electrical * Alternator/regulator (600 W)

* Battery (36 Wh)

* Servos (Analog)
- Elevons (2)

- Throttle (1)

(G) PAYLOAD OPTIONS

Payload Description

Sony TV Camera Unstabilized, fixed-mounted, fixed lens

1. SRL TV Camera, Unstabilized, full hemisphere 10:1
Honeywell Platform zoom lens, 38-deg max. FOV, 3:4

display

2. Perkin-Elmer Photo Camera, Unstabilized, fixed-mounted, fixed
Honeywell Platform lens

3. SRL TV Camera, Stabilized, full hemisphere coverage,
Honeywell PIP orm 10:1 zoom, 38-deg max. FOV, 3:4 dis-
and Tracker play, ALC centroid video tracking

4. SRL TV Camera, Stabilized, full hemisphere coverage,
Honeywell Platform, 10:1 zoom, 38-deg max. FOV, 3:4 dis-
and Tracker play, ALC centroid video tracking, YAG
ILS Laser laser designator

(H) DEVELOPMENT

Contract Date 20 December 1974

First Flight 1 December 1975
just Delivry 1 July 197
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3.1.1 Description

General Arrangement. The configuration is 6 ft, 2 in. (1.88 m) long, with a

wingspan of 12 ft, 3 in. (3.73 m). The gross weight of the RPV varies with

sensor installation from 132 to 146.5 lb. The short fuselage and large wing

produce a "flying wing" appearance. From a 4-in. -radius spherical segment

nose the body widens to an elliptical fuselage cross section that is maintained

at a maximum of 1 ft in depth. The wing-body fairing is generous, creating a
blended wing-body effect. The engine is mounted in the rear of the fuselage

with a pusher propeller (two-bladed wooden). The rear fuselage is faired in

around the engine Installation for drag reduction and airflow considerations. A

circular shroud suspended on struts from the rear of the fuselage surrounds the
propeller disk, providing a safety shield protecting personnel and hardware

from the propeller during ground operations - while stabilizing the RPV in both

pitch and yaw during flight. The shroud airfoil cross section is a standard

NACA 23015 airfoil 7 in. In chord. The duct Is 21.75 in. In diameter at its lead-
ing edge and 20.89 in. at its trailing edge. Propeller tip clearance is 0.5 in.

The 12-in.-dameter sensor bubble or dome protrudes from the belly of the
fuselage at a station (approximately FS 113.6) near the theoretical intersection
of the wing leading edge and body side contour. The mini-pan film camera

lens housing protrudes from the fuselage belly at a point close behind the sen-

sor dome. Between the payload dome and the mini-pan camera, an aluminum

tab or "skeg" protrudes to facilitate attachment to the launcher. Push pads are

also attached to the wing at the trailing edge for Interface with the launcher.

The wings attach to the fuselage at buttline 13. Each wing is attached by eight

large countersunk Phillips-head screws. The propeller shroud Is attached to

the fuselage by the shroud struts, which are structurally Integral to the shroud
with attach fittinp on the ends attaching to the fuselage. Molded fittings inte-

gral to the fuselage provide tabs over which are slipped the shroud strut ends.
Attachmemt Is accomplished by two countersunk screw-nut assemblies at each

strut-fuselage Intersection. Access to subsystems within the fuselage Is
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through three access panels on top of the fuselage and one on the bottom of the

fuselage, and by removal of the nose cap.

The wings are formed to modified NACA 23015 contours. The modification con-

sists of a slight reflex of the trailing edge to reduce nose-down pitching moment.

In addition, the trailing edge is blunted to avoid damage due to handling and

strap impact during recovery. The leading edge sweep is 28 deg. The incidence

of the airfoil at the wing root is 3 deg with the body centerline. A linear geo-

metric twist of 3 deg produces a tip incidence of 0 deg with the body centerline.

Wing dihedral measured at the quarter chord is 2.5 deg. The detachable wing-
40

tips are formed to minimize induced drag. Flight control surfaces are limited to

the two elevons on the trailing edge of the wing near the tip. Total area of the two

elevons is 9 percent of the wing planform area. Differential deflection is used for

roll control, while collective surface deflection provides for pitch control and trim.

The body station reference system locates the nosetip at station 100. The RPV

is balanced about a fuselage station of 137.0. For a center of gravity tolerance

of * 0. 3 in. about that position, the RPV is statically and dynamically stable for

all flight control and guidance modes. Specified ballast kits are designed and

provided as the payload units are exchanged so that the RPV center of gravity

can be maintained. (Differences in RPVs and design changes required that the

kits be augmented by hand balancing prior to flight after sensor changes.)

Internal Arrangement. The internal arrangement of the RPV is shown in

Figure 5. In this figure, the RPV components are identified by name, part

number and location. The components are located within the six body compart-

ments and the wing cavities.

The nose cap is closed by bulkhead 104 (i.e., the bulkhead at fuselage station

104). Within the compartment formed by the nose cap and this bulkhead, the

rate gyro package, payload protector hinges, and ballat (not shown in Figure 5)
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are accommodated. These components are mounted on the bulkhead and are ex-

posed (as shown in Figure 6) by removing the nose cap. A 1.25-in. -diameter

hole in the nose cap admits cooling air into the compartment. Slots In bulkhead

104 permit the cooling air to pass into the payload electronic compartment. The

pitot pressure port is flush-mounted in the skin of the nose.

RPVAFT

BULKHEAD 104

COOLING AIR

RATE GYRO

BALLAST

BALLAST ATTACH
BRACKET

Figure 6. Ballast and Rate Gyro Installation

The payload electronics compartment, between bulkhead 104 and bulkhead 113,

houses the accelerometer, the sensor electronics package, the airspeed and

altitude transdoers, and the transmitting antenna. The accelerometer is

mounted on the rear of the bulkhead 104. The sensor electronics package is
kmounted on a floor that sits atop the clearance channels for the payload pro-

tetor. The command receiver antenna Is cantilever-mounted off the front of

bulkbead ring 113. Access to the compartment is through a panel in the top of
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the fuselage. The airspeed and altitude transducers are mounted on the under-

side of this panel. The two static pressure ports are flush-mounted inthis panel

also. Cooling air from the nose compartment is presented directly to the sen-

sor electronics package, circulates through the compartment, and then passes

through bulkhead ring 113 into the payload compartment.

The payload compartment lies between bulkhead 113 and bulkhead 130. A dish-

like floor in the compartment provides mounting space for the four payload

shock mounts. The payload sensor assembly and Its mounts are shown in

Figure 7. The compartment floor and fuselage belly skin are cut out to permit

the cylindrical payload cover and hemispherical plastic dome to penetrate the

mold lines and expose the sensor elements to slightly more than a full hemi-

sphere of view. (The sensor locations within the dome permit a look angle of up

to 10 deg past the hemispherical plane.) The side and rear walls of the payload

compartment incorporate the channels for airborne stowage of the payload pro-

tector mechanism. The payload protector release mechanism is built into

bulkhead 130.

The payload protector (Figure 8) is stored within the contours of the RPV fuse-

lage for launch and cruise operations. This arrangement minimizes the drag

and provides a clear sensor view field during cruise. In the interests of relia-

bility and cost, no fairings or doors are used to streamli" the stowed installa-

tion. Prior to recovery operations, the payload protector Is deployed. The

alumimm sheet, tube, and channel frame pivots about the hinges mounted on bulk-

head 104. The support arms (anchored to pivots on bulkhead 130) look into an

"over-oenter" position with spring-driven pins to provide a protective frame

aromd the payload dome. Protection is provided for both normal and emergency

landings.

Ino rpomatd i ft payload protector frame is a parachute cloth drag brake.

This 10-in. by 10-4n. drag brake is supported by crossed cables (which help to
react ide logds on the protector) Immediately behind the payload dome and
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F4gur 8. Payload fIttcor Assembly with rag Brake
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nearly perpendicular to the airstream. The brake-cable assembly ts folded
within the fuselage contours when the payload protector is stored, and deploys

as a natural result of payload protector deployment. Energy for the deploy-

ment of the payload protector is supplied by two springs mounted in aluminum

tubes in the floor of the avionics compartment behind the payload compartment.
Cables from the extended (loaded in tension) springs extend from the tube ends,
through fittings in bulkhead 130, to the upper link of the support arms. The re-

sulting torque is sufficient to extend the payload protector frame to its lock

position against friction and drag brake loads.

Cooling air flow from the payload compartment exits through two 2.19-n. -

diameter circular holes in bulkhead 130. Additional cooling air for the avionics

compartment is admitted into a scoop molded into the left wing stub fairing.

Air entering this scoop enters the small duct created by the payload compart-

ment side walls, the wing stub root rib, and contours of the wing stub fairing.

The duct terminates at bulkhead 130. A 3.18-in. by 2.30-In. hole in that bulk-
head admits the cooling air into the avionics compartment and directly into the

cooling fins in the video transmitter heat sink.

The avionics compartment lies between bulkheads 130 and 147. Access to this

compartment is through a large access panel that covers both the payload and

avionics compartments. Additional access to the avionics compartment is pro-

vided by a full bay-length access panel on the belly of the RPV.

Attached to the upper access panel and fitting in the upper front of the avionics

compartment Is the fuel cell assembly and low-fuel indicator switch. This

location places the center of gravity (CG) of the fuel call on the fuselage

station correponding to the CG of the RPV, minimizIng CG shift during
flit as fuel Is burned. A quick-disonnect fitting in the fuel line and a con-
neoting plug in the leds from the low-fuel-level Indioator permit complete

rapid romndval of the fuel system for refueling away from the RPV; thus the

1W lb of fed can be injiected into the fuel cell bladder without Jeopardizing
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other RPV equipment by accidental exposure to spilled fuel and the associated

fire hazard.

In addition to the fuel cell, the avionics compartment contains the 35-mm mini-

pan film camera (when carried), the video transmitter, the flight control elec-

tronics package (FCEP), the power supply, the command receiver, the battery,

and the relay assembly. When required by the mission, the 35-mm camera is

bracket-mounted in a cantilever fashion from the rear of bulkhead 130. The
lens housing extends through an opening in the lower access panel; a solid panel

(without the opening) is used when the camera is not installed. The video trans-

mitter and its heat sink are installed on a bracket in the left wing stub, directly

in the path of the cooling air from the left wing airscoop. The vented FCEP is

mounted on bulkhead 147 by bolts and standoff spacers to provide cooling air

passage behind the FCEP and through a 3. 76-in. -diameter hole in the bulkhead

into the next (alternator) compartment. The power supply and command re-

ceiver are mounted on a floor bracket below the FCEP. The battery and relay

assembly are mounted on a bracket in the right wing stub.

The alternator compartment Is bounded by bulkheads 147 and 155. Compart-

ment access is provided by an upper structural access panel. The compart-

ment contains the alternator, the voltage regulator, the C-band flight test

beacon (when carried), and the throttle servo-actuator. The voltage regulator

and its heat sink are bracket-mounted on the right rear of bulkhead 147. The
beacon is mounted on the left rear of that bulkhead. The alternator and throttle

servo are mounted to the frout of bulkhead 155. A Kevlar spool-shaped bracket

supports the alternator in cantilever fashion from bulkhead 165. The bracket

or "spool" fAm Is bolted to the bulkhead around a 3.84-in. -diameter hole in

the bulkhead. This hole directly faces the engine cooling blower intake. Slotted

holes in the cylindrical portion of the spool permit cooling air to leave the
compartnt and be drawn into the engine coolin blower.



The engine compartment lies between bulkhead 155 and the closing bulkhead
164. The engine assembly is cantilever-mounted through four Lord shock

mounts bracketed to the rear of bulkhead 155. The engine assembly includes

the propeller, the engine, two carburetors and associated linkage, the ignition

system (magneto), the blower fan-flywheel, the cylinder head cooling shroud,

and the alternator flex-shaft drive that extends through the bulkhead 155 cool-

tig air bole to the alternator shaft. Fuel is carried from the fuel cell to the
carburetors through a Tygon tubiqg fuel line installed through holes in bulkheads

147 and 155. The engine compartment is closed by bulkhead 164. This bulk-

head Is a removable 0.020-in. aluminum plate, perforated to permit the passage

of cooling air.

The elevon servo-actuators are mounted in the wing panels on the closing rib

elements forming the inboard edge of the elevon cutout. The centerlines of the
actuators are colinear with the hinge line of the elevons. The heads of the ac-

tuators are attached directly to bearing-supported end fittings on the inboard

ends of the elevons. The outboard hinge of the elevons is provided by a ball
fitting; this installation precludes an elevon linkage mechanism and minimizes

undesirable backlash (play) in the assembly.

The flux-gate compass is firmly bracket-mounted within the closing structural

tip rib of the left wing panel. The rigid bracket positions the flux-gate in

proper orientation to the RPV axes and prevents input due to vibration. The

compass is covered by the wingtip (fairing) and is accessible through removal

*of that fairing.

Detailed dimensions and discussion of the RPV elements are provided in sub-

sequent sections of this report.
I

&The mass propeties summary for the Aquila RPV Is pre-
snted In Table 2, which Idotflies mission and configuration weight, balanoe,
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TABLE 2. AQUILA RPV MASS PROPERTIES

Gross Center of Gravity (in.) Moments of InertiaMission Weight (slug-tConfiguration (lb) y___ - I I I
(b xx yy zz

Phase V or V 146.46 136.97 -0.08 100.12 7.14 10.05 16.09

Phase 111 138.26 136.98 -0.08 100.00 7.15 9.75 15.78

Phase 11 145.22 136.98 -0.08 100.02 7.16 10.41 16.43

Phase I 132.22 136.99 -0.09 100.42 7.11 10.49 16.56

and inertial data. The maximum gross wet weight ranges from 132.2 lb for

the Phase I sensor installation to 146.5 lb for the Phase IV/V sensor installa-

tion. The vehicle longitudinal center of gravity is tightly controlled about FS

137.0 to within 0. 30 in. by locating ballast kits that are payload (sensor)

related. The lateral balance limits of +0.8 to -0.2 in. were established to

account for slight (plus) lateral vehicle CG and the impact of engine torque at

the time of retrieval waveoff and go-around. Actual weight and balance meas-

urements show that lateral ballast is seldom required.

The vertical CG in all cases lies near the thrust axis of WL 100.0. Table 3 is

a detailed weight and balance breakdown of the Aquila RPV. This table is an

update from Reference 1, which contains a more detailed discussion and

tabulation of Aquila mass properties. The weight update contained herein re-

flects two changes from the data included in Reference 1: (1) revised actual

GFE test transponder weight (+0.34 lb), and (2) the addition of the sensor inter-

face electrnics package (+1.10 lb). The addition of 1.44 lb to the 90.07-lb

weight presented in that report reflects the 91.51-lb value shown in Table 3.

Brodhead, S. G., AQUJILA RPV WEIGHT AND BALANCE RkPORT, SERIES B, FIRST
ARTICLE FLIGHT CONFIGURATION, LMSC-D458268, Lockheed Missiles and Space
Company, Inc., Sunnyvale, California, 6 April 1977.
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TABLE 3. AQUILA WEIGHT BREAKDOWN

Weight (lb) Center of Gravity (in.)

RPV Group or Element Elemetj Grop Longhitudina~l, .Atrl e

(A) RPV DRY WEIGHTS

Wing Group (13.32) (151.0) (-1.7) (101.0)
* Basic Structure 0.36 140.5 0 101.0

*0 Elevons (2) 1.44 162.2 0 100.0
* Pusher Pads (2) 1.12 162.2 0 100.0
" Tips (2) 0.62 160.5 0 102.5

* Brackets (Servo/Flux Gate) 0.56

Fuselage Group (20.66 (141.3) (0) (100.6)
* Basic Structure 12-60 136.9 0 100.0
" Doors &Covers 2.53 136.9 0 104.5
" Shroud &Vjporta 3.17 164.7 0 100.0
* Motor Mounts A Blkhead Spporta 0.31 159.0 +0.1 100.0
" Attachments & Miscelblscus 1. 17 130.0 0 101.5
" Balkhead Modification 0.29 155.0 0 101.2
" Accdherwreter Bracket 0.0Os 104.9 0 102.9,
" Wing Blocks 0.11 137.0 0 100.0
" Sksg & aipport Sheld 0.40 130.0 0 95.0

Payload Protection (3.46) (126.2) (0) (95.2)
9 Payload Protector, Drag Brake.

Actuator, & L.ath 3.46 126.2 0 95.2
Propidlon Group (15. 98) (157.7) (0.6) (101.9)

0 FAIgin 13.16 159.6 40.6
C Exhaust System 0.35 161.0 102.0
* Throttle Linkage 0.25 157.9 4Q.0 101.0

9 Propeller Installation 0.91 166.0 0 100.0
0 Fue1 sstem. 1.05 138.3 0 108.0
* Altemnator Mounting 0.24 153.4 0 100.0

Flight Controls Instrument Group (10.95) (137.4) (L1. 5) (101.1)
* Autopilot (FCEP) 6.32 144.5 0 100.4
* system Controls -Elevon Bervo 1.66 153.6 +0.3 102.5

Min Piaat Gro .1.4 103.5 0 100.4
a Accelerometer 0.45 104.9 0 101.9

0 Flux Gate Compass & Miscellaneous 0.45 166.7 -66.5 101.6

e speed, Altimeter, & Conmas 0.63 110.5, +1.4 103.8
Electrical Group (16.17) (142.0) (3.6) (90.0)

o one",g5 3.39 141.9 11.9 99.0
*Aftenalor 6.30 144.9 0 100.0
* *Usglaor & Heatlk 0.47 146.2 5.0 100.0

Wft Wlsruw 5.63 106.9 3.1 96.0

0 Preon Voltage &3pay 1ww.33 140.7 3.5 96.0
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TABLE S. CONTINUED

weight b)Center of Gravity (in.)

RPV Group or Element Element Group LoitudDl Lateral, Vertcal,I I I y
(A) RPV DRY WEIGHTS (CONT.)

Avionos & Data Lnk (8.97) (130.9) (-5.6) (98.5)
e Video Transmitter & Heat Sink 4.97 136.5 -11.0 96.5
* Command Reoeiver 1.25 143.9 3.8 96.6
* RF Cable Assembly 0.25 112.0 0 100.4
* Antenna 0.20 139.0 0 97.6
* Payload Interface Electronos 1.10 106.0 0 17.0
* IFF Beaoon (GFE - Test Only) 1.20 120.0 0 101.6

DRY WEIGHT TOTAL: 91.51 143.06 -0.13 100.21

(B) SENSOR & BALLAST GROUP WEIGHTS

Phase 1 (25.71) (113.23) (0) (99.7)
" Gimbal Assembly 14.41 120.2 0 99. 1
* Eleotronios 3.40 109.8 0 100.3
* Ballast 7.90 102.0 0 100.3

Phase I (38.71) (121.2) (0) (98.4)
0 Gimbal Assembly 14.41 120.2 0 99.1

* Electronics 3.40 109.8 0 100.3
* Camera, Film, & Mounts 13.50 135.6 0 96.0
* Ballast 7.40 102.0 0 100.3

Phase M (31. 75) (117.7) (0) (98.1)
" Gimbal Assembly 25.16 120.2 0 97.3
" Electronics 5.19 109.9 0 100.5
* Ballast 1.40 102.0 0 100.3

Phase IV/V (39.95) (121.6) (0) (98.9)
S(limbal Assembly 29.81 120.2 0 98.3

" Elotr nics 5.19 109.9 0 100.4
C Vertical Gyro Assembly 2.65 126.4 0 101.7

0 Ballast 2.10 164.0 0 99.5

(C) FUEL WEIGHT

Fuel (15.0) (137.0) (0) (103.0)
0 Flight 13.9

* Reserve 1.6
* Trapped 0.3
0 mast 0.2
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A statistical sample of dry weights for vehicles No. 15 through No. 23 was

taken in order to determine statistical weight variation. The results show the

average weight for 10 samples to be 90. 2 lb with a 3 a population standard

deviation of :k2. 9 lb.

The predicted weights presented In Table 3 fall well within the 3 a band of meas-
uring and manufacturing uncertainty. The statistical average is 1. 3 lb lighter

than the values shown in the detailed weight summary of Table 3. In addition to

vehicle dry weights shown in part (A) of the table, vehicle sensor and fuel

weights and balance are shown In parts (B) and (C), respectively.

Table 4 identifies the growth in vehicle weight and the group that absorbed the

bulk of vehicle growth from contract initiation to the present statistical average.

TABLE 4. RPV WEIGHT GROWTH

Item Goal Actual Remarks

Base (Phase rV/V Gross) 12 0 .0 (a) 146.5(b)
" Reduce to Statistical -1.3 Reflects A from statistical

Actual Average dry weight
Weight

* Remove IFF Beacon -1.2 GFE test equipment

" Remove Fuel That -8.0 Reflects added mission
Was Added for duration
Desired Endurance ___________

120. 0 136.0 AWt -+16.0 Nominal

(a) Includes 7 lb of fuel for 1. 5-hour endurance.
(b) Includes 15 lb of fuel.

The overall weight growth was limited to 16 lb, or 12 percent of resultant

vehicle weight, by judicious control, evaluation, and reporting.
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Each design change and its associated weight and center of gravity impact were

tracked and evaluated in terms of performance impact.

This weight growth is considered small in view of the state of development and

availability of off-the-shelf components that would meet the mission and per-

formance requirements. Most of the Aquila RPV should be considered first-

generation development, and as such shows growth of 18 percent above initial

estimate.

The following areas account for the bulk of vehicle weight growth:

0 Airframe 8.0 lb

* Electrical 5.5 1b

* Data Link 1.0lb

* Sensor Phase IV/V 1.6 lb

Further mass properties discussion, evaluation, and history may be found in

Volume i of this report.

3.1.2 Aerodynamic Characteristics

The Aquila RPV, with its light wing loading (approximately 4 lb/ft2 ) and its

power loading of 12 lb/hp, provides a broad operating speed range (63 km/h to

168 km/h). The RPV is statically and dynamically stable and Is controlled using

only the two wing elevons. It is also stably damped in all flight modes includ-

ig the phugold'and dutch roll. The following paragraphs describe and quantify

these characteristics.

Penfornoe-Relatid Aerodynamic Charateristics. Values for the Aquila
trimmed lift coeflicient and the associated airspeeds are shown in Figure 9.

This curve, derived from wind tnel tests (Beference 2), shows the lift curve

2AUILA EPU SYSTI TEST EPORT, CDRL AOOD, PART 4, AERODYNAMICS, LMSC-L028081,
Lockheed Missiles and Space Company, Inc., Sunnyvale, California, May 1977.
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slope and gentle stall characteristics expected from a low aspect ratio, swept-

wing aircraft. For the typical CG location, 0.21 MAC (mean aerodynamic

chord), the control deflections required to trim over the wide speed range are

typically small (Figure 10), producing low trim drag. Flight test data are

shown to agree reasonably well with the wind tunnel data, with a small reduc-

tion in control effectiveness.

Trimmed lift and drag coefficients for the Aquila RPV are given in Figure 11.

Lift and drag coefficients are given for both the cruise and recovery configura-

tions. The drag brake and payload protector are shown to increase the drag

by 45 percent in the 60-knot trim condition typically associated with the recov-

ery approach. These curves are derived from wind tunnel data and adjusted

for Reynolds number, surface irregularities, and cooling drag to account for

differences between the wind tunnel model and the flight vehicle.

Figure 12 shows data regarding propeller efficiency and thrust coefficient.

The relatively low efficiency numbers are typical of pusher propeller installa-

tions. The resulting propeller thrust coefficient is given In Figure 13. Wind

tunnel data on these figures are from Reference 3.

The above aerodynamic characteristics, combined with engine shaft horsepower

data, provide the basis for performance estimates of the Aquila RPV.

Aerodvnamic Stability and Control Charcteristie. The predicted aerodynamic

and flight mode stability characteristics of the Aquila RPV are summarized in

Table 5. These data are derived from wind tunnel data and analytical methods

(Reference 4). The data shown reflect static and dynamic stability for

31verson, H. B., RESULTS OF THE HARASSX)KT VEHICLE TEST IN THE CALAC LOW-
SPEED WIND TUNNEL, LMSC-D556812, Lockheed Missiles and Space Company, Inc.,
Sunnyvale, California, February 1977.

4McVernon, J. H., STABILITY AND CONTROL AND PERIORMANCE ESTIMAS, LMSC
Engineerin Mmo A-R111l-lIAI 02/03, Lockheed Missiles and Space Company, Inc.,
Sunnyvale, California, 7 Merch 1975.
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TABLE 5. AQUILA STAB[LITY AND CONTROL CHARACTERISTICS

*Gross Weight - 180 lb e Cruise Configuration - Powmer OFF

*CG at 2-peront MAC e Altitude - 7. 000ft

Longitudinal ifiteral-Directional,

velocity (KES) s0 Velocity (KEA) 120 60
8 etrl (dog) -4 6sri (deg) -1.2 -4
a trm(dog) 3 a trim (dog) -1.0 3

CL 0.35 Cyfl (1/deg) -0.0112 -0.0112

CLe, (1/dog9) 0.075 Cyp 0 0

CD 0.033 Cyr 0 0

CDat (1/dog) 0.005 Cu (1/dog) 0.000G2 0.0000

C M (1/dog) -0.0054 Cn (1/radian) -0.004 -0.030
Cma (1/radian) -1.22 Cur (1/radian) -0.013 -0.0142

Cm_(1/radian) -1.47 C1a (1/deg) 0 -0.0005

IY (slug-it 2 ) 10.4 Cj (1/radan) -0.319 -0.335

Cj (1/radianm) 0.032 0.090

phuaopd Mode I, (Slug-0t) f.1 7.18
C0.044 Is (slug-it 2) 16.5 16.47

w(radian/eec) 0.37 1. (slug-it 2) 0.2 -0.52

Period (aem) 16.9 trlMd

Short-Period Mode Time Constant (eec) 70.3 (unstable) 16. 2 (unstable)
C 0.54 ~Roll Mods 0 601

w a3 (radian/eec) 5.2 Trime Constant (eec) 006.1
Period (amc) 1.06

Dutoh-RoUl Mode

C0.12 0.1IL

(on (radan/em) 1.1 2.9

Period (see) 0.9 1.6

Assume Constant With CL

C mq- 1. 47/radian
C% - 1. 22/radian

CD&O - 0.OON/deg



the RPV in the cruise configuration, power off, controls fixed. Early In the

program, initial data as developed in Reference 4 were used in the RPV auto-

pilot derivation and have been verified qualitatively in the successful RPV

flight test program. Table 5 also shows the predicted RPV stability in the

various significant flight modes. The phugoid mode is lightly damped; how-

ever, the long peo of the mode (16.9 sec) makes it easily stabilized. Only

the spiral mode w*'s predicted to be unstable without autopilot augmentation,

but it too has a long period (16.2 sec) and is easily stabilized by the autopilot.

The dutch-roll mode is lightly damped, and a slight dutch-roll tendency is

observed in portions of Aquila flights. The extent of oscillation encountered

due to this low-frequency dutch roll has not been a gross distraction, even

with the unstabilized sensors. The short-period pitch mode is well damped

and has a natural period of about 1 sec. Dynamic pitch stability is evidenced

for both the cruise and recovery configurations.

No significant change in RPV static or dynamic stability behavior as a result of

drag brake deployment has been noted. However, deployment of the drag brake

causes a slight transient in the flight path due to the previously defined drag

increment (Figure 11) and an Increment in pitching moment. This moment

increment is shown In Figure 14. The resulting elevon deflection required to

trim the moment is small. Control derivatives derived from wind tunnel data

are shown in Table 5.

3.1.3 Flight and Operations Characteristics

The following paragraphs define the characteristics related to RPV flight per-

formance, stability and control, and physical characteristics associated with

logistic and operational interfaces.

P gkisaG. Performance characteristics of the RPV are summarized in

Table 6. Where sufficient data exist, these characteristics are based on

dfight tests. With true airspeed ranging from 63 to 168km/h, the Aquila system
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TABLE 6. RPV FLIGHT PERFORMANCE CHARACTERISTICS (a)

Velocity - True Air Speed (TAS) at Sea Level (km/h)

0 Cruise Configuration
- Maximum 168
- Cruise (Optimum Climb) 105
- Launch Velocity (Commanded) 75
- Stall 66 (GW 143 lb)

0 Recovery Configuration 63 (GW 130 lb)

- Maximum 134
- Cruise 95
- Recovery Velocity (Commanded) 90
-Stall 66 (GW 143 Ib)

Absolute Ceiling - 0 m/min Rate of Climb (m) 63 (GW 130 lb)

* Cruise Configuration 5,850
* Recovery 4,530

Service Ceiling - 30 m/min Rate of Climb (in)
" Cruise Configuration 5,000
* Recovery Configuration 3,680

Maximum Climb Rate - Sea Level (m/min)

" Cruise Configuration 205
" Recovery Configuration 160

Sink Rate - Sea Level (m/min)

0 Cruise Configuration
- 95 km/h TAB 64
- 115 km/h TAB 100

* Recovery Configuration
- 95 km/h TAB 78
- 115 km/h TAS 155

Minimum Time to Climb, 0 to 10,000 ft- Cruise Configuration (min)

0 143 lb 28
0 120 lb (Design GW only) 19

Maximum-Enduranoe Mission (m)

* Maximm Velocity 84
* Maximu Endurance or Range 203
0 Typical General Profile 157

(a) Assuming vehicle gross weight of 143 lb unless otherwise indicated.
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" WING REFERENCE AREA = 30.2 FT2

" MEAN AERODYNAMIC CHORD (MAC) - 2.69 FT
* CG AT 0.21 MAC (STA. 137, 1)
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PITCHING MOMENT COEFFICIENT, CM

Figure 14. Aquila Pitching Moment Characteristics

provides transient times to the limits of its 20-km operating radius as low as

7 min. Therefore, most of the endurance (up to 3 hours) is available over the

target area. Figure 15 shows the speed range variation as a function of den-

sity altitude. Included in that figure is the optimum speed schedule for maxi-

mum climb rate of the cruise configuration. The low stall speed of 63 km/h

for the cruise and recovery configurations permits the RPV to slow to low air-

speeds to remain tightly on station while loitering or designating targets, and

permits low laimeh and recovery speeds - with corresponding reduction in RPV

loads. The additiond drag of the recovery system drag brake, when de-

ployed, is shown to reduce: i) top speed by 32 kmA, (2) climb rate by 40 m

per min, and (3) maximum altitude capability by 1,350 m. Consequently,
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MIN SPEED ENGINE MC101
TRIM LIMIT RATED 11.7 HP AT 8,300 RPM
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Figure 15. Aquila Airspeed-Altitude Flight Envelope
(1976 U.S. Standard Atmosphere)

since the RPV must be immediately recoverable after launch, the performance
capability of the vehicle in the recovery configuration becomes the criterion for
launch, rather than the performance capability in the cruise configuration. The
143 lb RPV, in the recovery configuration, has a minimal 100 ft per min climb
rate at a density altitude of 8,000 ft (2,439 m). This density altitude was con-
sidered a launch-limiting criterion during the program. The RPV offers a wide
range of altitude capabilities. The normal operational altitude, for which the
sensors are calibrated, is 610m (2,000ft) above ground level (AGL). The max-

imum density-altitude capability, Figure 15, is derived from flight test data to

be 6,200 m for the 120-lb design gross weight.

Figure 16 shows the climb rate variation with weight and density altitude. Max-

imum sea level climb rates of 194 m per min and 164 m per min are achievable

for the RPV mission weights of 132 and 146.5 lb. Integration of the climb rate
curves provides the time-to-climb curves also shown in Figure 16. The original

goal of 15 min for a 120-1b RPV to climb from sea level to 3,048 m (10, 000-ft)
density altitude was missed by 4 min. The maximum-weight RPV (146.6 lb)
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requires a minimum of 28 min to climb from sea level to 3, 048-im density alti-

tude. The time to climb to normal mission altitude of 609 m (2, 000 ft) is 5 min

and 4.5 min for the maximum 146-lb weight at Fort Huachuca and Fort Sill,

respectively, with standard day conditions. Consequently, for normal mission

operations, the time required to climb to altitude will not require a major portion

of the vehicle's endurance time.

The RPV provides ample descent capability to represent tactical system opera-

tions. Figure 17 shows that for the cruise configuration and idle engine setting,

a maximum descent rate of 600 fpm (182 m/mn) is available for commanded

flight velocities near 140 km/h. This rate provides high operational flexibility,

with rapid descent capability available to effect quick altitude positioning of the

RPV for subsequent mission activities. An autopilot limit function in the alti-

tude loop limits the descent rate to 182 m/min to prevent inadvertent commands

to excessive dive angles. This limit Is indicated in Figure 17. The resulting

flight path angles must be considered in flight planning - particularly in moun-

tainous or hilly terrain, since altitude changes occur according to altitude,

RPV weight, and commanded airspeed, and not in a linear manner from oom-

manded waypoint to commanded waypoint (except in the case of the abort com-

mand that interrupts a mission and returns the RPV on a direct linear path to

the recovery are)

The descent flightpath angle for the RPV in the recovery configuration is an

important recovery parameter. The normal flightpath angle is 4 deg during

final approach guidance to the recovery net. The approach camera is aimed

directly up this approach path. Flightpath control capability around the 4-deg

path is required to successful recovery guidance. The glidepath capability

of the recovery configuration is shown in Figure 17. Over 100 successful

recoveries have demonstrated that control to be adequate.

71



200 • IDLE ENGINE SETTING
0 DRAG BRAKE

z NOT DEPLOYED

, IT )PILOT
~DIVE LIMIT

t 120-
sa ALTITUDE (M)

4,000
0

02,000

SL
40 1 I I I

200 DESCENT SLOPE
NO WIND (DEG) -6, • DRAG BRAKE

7* DEPLOYED

:160/

120 -

0

40 -
I I In Ii

60 80 100 120 140 160 180
TRUE AIRSPEED, TAS (KM/H)

Figure 17. Aquila Maximum Rat of Deuommt (140-1b Wlght)
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The maximum flight endurance of the Aquila RPV in its basic mission profile
varies from 84 min at maximum velocity (full throttle) to 203 min under opti-

mum flight conditions. The basic mission profiles are summarized in Table 7.

This table shows the key parameters relating to endurance for a mission con-

ducted at maximum cruise velocity, a mission conducted at optimum (maximum

endurance) velocity, and a mission reflecting normal cruise velocity typical of

that selected during field testing. The typical general profile is seen to yield

a maximum cruise time of 132 min (over 2 hours). This time is increased to

178.3 min (almost 3 hours) if cruise speed is optimized. riie, consumption in
these basic missions is derived using empirical fuel consu, data from
flight tests and altitude chamber engine tests (see Reference alculate
the basic missions of Table 7, a gross launch weight of 140 lb 'ssumed, and

launch is assumed to start at a density altitude of 2,164 m (typical of Fort

Huachuca). A full 15-lb fuel load also is assumed, with the breakdown shown

in Table 8.

With the above endurance capability, the Aquila more than meets the mission

flight endurance objectives of 1.5 hours (minimum) and 3.0 hours (desired).

Field Operation Interfaces. The Aquila RPV incorporates design features to
assist in field operations including transportation, storage, assembly checkout,

launch, recovery, and repair.

To facilitate transportation and storage, the RPV provides for removal of the

wing panels at wing station 13. In addition, the fuel bladder can be removed

5AQUILA RPV SYSTEM TEST REPORT, CDRL AOOD, PART 11, ENGINE DEVELOPMENT, LMSC-
L028081, Lockheed Missiles and Space Company, Inc., Sunnyvale, California,
22 December 1977.
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TABLE 7. AQUILA RPV BASIC MISSION ENDURANCE

Basic Mission

I 1I m

Flight Conditions and Maximum Eaximnm Typical
Characteristics Velocity Endurance Profile

Launch Density Altitude (m) 2,164 2,164 2,164

Gross Takeoff Weight (ib) 140 140 140

Prelaunch
" Time (min) 6.0 5.0 5.0
* Fuel Used (lb) 0.6 0.6 0.5

Climb (to 610 m AGL)
* Time (min) 6.8 6.8 6.8
* Distance (km) 13.8 13.8 13.8
* Fuel Used (b) 0.6 0.6 0.6
" Velocity, TAB (km/h) 122 122 122

Cruise
* Altitude (m) 2,774 2,774 2,774
* Time (min) 59.4 118.3 132
* Distance (km) 148 292 261
* Fuel Usid (lb) 10.7 10.7 10.7
* Velocity, TAB OwmV 150 98 119

Decent
* Time (Mns) 4.0 4.0 4.0
* Distawe OEM) 0 0 0
* FI Usled b) 0.2 0.2 0.2

Recovery
STim (m"lD 9.0 9.0 9.0

0 Distumeekm) 0 0 0
* Fuel UMdb 1.0 1.0 1.0

Ream.
* Fuel 0(b 1.6 1.5 1.6

Total
* Ebwnmoe (mn) 24 203 157
* ltn OMI) 162 806 275
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TABLE 8. FUEL USAGE BREAKDOWN

Fuel Catemory Fuel Weight (lb)

Total Fuel Load

Unusable Fuel (Ullage) -0.5

Usable Fuel 14.5

10-Percent Reserve -1.5

5-Percent Fuel Flow Increase -0.8

Total Mission Fuel 12.2

for separate storage if fuel residue in the vehicle should become a hazard. The

air vehicle and its wings (including all components but the sensor) are stored and

transported in two specially designed wooden boxes. The fuselage box is 32.75

in. high, 43.5 in. wide, and 80.5 in. long. The wing box is 22.5 in. high,

43.5 in. wide, and 80.5 in. long (clearance dimensions). Each set contains a

material repair kit. The components are secured with padded constraints in each

box. Total shipping weight of the RPV and its boxes is 368 lb. The more fragile

sensors are shipped in separate cartons, provided by the manufacturer.

After removal from the shipping-storage box, the RPV is placed on an assembly

stand. Hard points at the trailing edge of the wing stub and at the Junction of

the wing stub closeout rib and bulkhead 130 are used for support on the assembly

stand. The vehicle is clamped to the stand at the wing stub trailing edge and by

the lnching skeg to prevent slippage and resulting damage during assembly.

The RPV may be mounted updt or inverted for mantene. Assembly and

checkout are aooomplisbed In the Mght position.

To facilitate power-up and checkout, an umbilical strip is provided on the right

£ side of the RPV belly, alongside the lower access panel frame, just forward of

Sbulkhead 147. The strip provides connectors for insertion of the power

i
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umbilical and the checkout-test plug. Checkout and calibration of the pitot-

static system through the flush-mounted ports is accomplished through a "putty-

seal" fitting clamped against the skin.

Interface with the launcher shuttle involves a support of the vehicle at five points;

interface with the starter adds one additional point of contact. The power um-

bilical is also connected before engine start, and the cooling blower hose is in-

serted in the air scoop In the left wing. Figure 18 shows the RPV on the

launcher prior to engine start. The vertical support arms input support loads

at the hard point areas formed by bulkhead 130 and the wing stub closeout ribs.

iI

Figure 18. Aquila-Launoher Interface
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The skeg Is clamped into the spring-loaded shuttle skeg pin holder to prevent

RPV pitch-up rotation about the rear push pads during the launch stroke. Push

pads are fitted to the tralling edge of the wing root with aluminum channels

carrying the launch loads forward to the wing attach fittings. The push pad

fittings carry cylindrical tangs that insert into the shuttle thrust fittings and

are secured by soft aluminum rivets to react engine starter and thrust loads.

The soft rivets fail in double shear, to release the RPV when the shuttle is de-
celerated at the end of the launch stroke. This arrangement totally constrains

the RPV on the shuttle during prelaunch activities. A cylindrical fitting at the

propeller hub, coaxial with the propeller hub, has a steel pin inserted across

the cylinder; this provides an interface for the smaller slotted shaft on the

starter, and transmits the starting torque to the engine.

The ground-based Aquila recovery system is designed to minimize the impact

of recovery operations on the vehicle design. However, certain features were

provided to accommodate interface with the recovery system. The payload

protector Is the most obvious of these, and has the greatest impact on the RPV

design. Easily removed wingtip fairings are provided to permit removal for

repair or replacement. The propeller shroud is structurally designed for large

vertical and side loads to protect the propeller and the recovery system straps

prior to engine shutdown after recovery. Faired stub antennas are provided on
the upper nose and the bottom of the shroud to minimize snagging in the re-

covery net and strap assemblies. The flush-mounted pitot-static ports were

specifically selected to avoid damage to that system during recovery. Protru-

sions and sharp corners were minimized to prevent hangup during recovery.

To facilitate repair or replacement, components such as the shroud, wingtips,

wing panels, elevons, access doors, nose cap, and payload protector are easily

removable. Access to the AtselAge structural elements is excellent, with only

a few internl sin ateas Inaccessible - requiring repair of these areas from
the outside skin. A repair kit t provided with each RPV set. This kit In-

cludes Instructions, glass cloth, resin and catalyst, and a mixing tool and

cntaier.
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3.2 AIRFRAME

The RPV airframe provides (1) the aerodynamic contours required for stable

flight; (2) breakdown provisions for storage and repair; (3) mounting provisions

for RPV subsystems; (4) hinged control surfaces; (5) access doors for instal-

lation, maintenance, and repair; and (6) structure to react flight and ground

handling loads. The following paragraphs describe the airframe and its per-

formance of these functions.

3.2.1 Airframe Geometry

3.2.1.1 General Airframe Arrangement. The general arrangement of the air-

frame is shown in Figures 4 and 5. The configuration consists geometrically

of a fuselage with a varying elliptical cross section faired smoothly to a 28-
deg swept wing. The wing airfoil is formed to a modified NACA 23015 airfoil

section. The ring tall attached by struts to the aft of the fuselage provides a

protective propeller shroud and aerodynamic stabilization for pitch and yaw.

3.2.1.2 Fuselage Derivation. The fuselage nose is basically a 4-in. -radius

segment faired to a 9.408-to-8. 156 major-to-mnor axis ellipse at station 104

(4 in. from the tip of the nose). Tables 9 and 10 show the station-by-station

variation of the basic body ellipse axis dimensions. From station 124 to 148

the height of the body Is maintained at 12 in. Fairings from the basic body

ellipses to the wing stubs and fairings to house the engine cylinder head com-

plete the fuselage contours. Master Mylar prints of machine-drawn contours

were provided to the airframe subcontractor and were used to guide the de-

velopment of the master molds.

3.2.1.3 Wim rlvatim. Flgure 19 shows the projected view of the wing
panel geometry and its projection to the airframe centerline. This basic wing

geometry shows a stub root chord of 36.73 in. at wing station 13, and a root
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TABLE 9. BANC FUELAGE CRO SECTIONS

_Sation Half Major Axis Half Minor Axis

104 4.704 4.078

106 5.097 4.267

106 6.476 4.446

107 6.839 4.615

108 8.187 4.774

109 6.521 4.923

110 6.841 5.063

111 7.146 5.192

112 7.437 6.312
113 7.714 5.422

114 7.977 5.523
115 8.227 6.614

116 8.463 5.695

117 8.685 5.766
118 8.895 5.828

119 9.091 5.881
120 9.274 5.924
121 9.444 5.967

122 9.601 5.981
123 9.745 5.996

f 1,4 9.877 8.000

125 9.906 6.000
12 10.102 6.000
128 10.26 6.000
S1 10.401 6.000

14 10.500 6.000

I
I
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TABLE 10. AFT FUSELAGE BASIC CONTOUR

Fuselage Half Minor Axis Half Minor Axis
station Half Major Axis (Upper) (Lower)

136 10.472 6.000 6.000

138 10.389 6.000 6.000

140 10.251 6.000 6.000

142 10.057 6.000 6.000
144 9.807 6.000 6.000

146 9.500 6.000 6.000

148 9.13 6.000 6.000

150 8.712 5.964 5.975

152 8.229 5.855 5.899

154 '7.686 5.672 5.773

156 7.080 5.416 5.597

158 6.411 5.085 5.369

160 5.676 4.677 5.090

162 4.873 4.191 4.759

164 4.000 3.625 4.375

chord of 23 In. at wing station 69. The 1.92-1n. difference in waterline loca-

tion of the leading edge and the trailing edge of the stub root chord reflects the
3-deg incidence of that airfoil section. A leading edge sweep of 28 dog is

indicated.

Table n shows the coordinates of the modified NACA 23015 airfoil used for the

wing. The coordinates are given in percentage of section chord. The modifi-

cation affects only the last 10 percent of the upper surface and 30 percent of

the lower surface. A 0.5-percent thick trailing edge is indicated. The modi-

fcation ts calculated to eliminate the small nose-down pitching moment char-

sateristic of the standard NACA 23015 airfoils, and to provide structural
streqth to the wing trailing edge. The wing Is assembled to the wing stub by
eight bolts per wing. The bolt locations correspond to the front and rear
spars and to the 130 and 147 buMeads of the fuselage.
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TABLE 11. AQUILA WING AIRFOIL COORDINATES FOR MODIFIED
MACA 23015 (PERCENT OF CHORD)

Station Upper Surface Lower Surface

0 -0

1.25 3.34 1.54
2.5 4.44 2.25
5 5.89 3.04
7.5 6.90 3.61

10 7.64 4.09
15 8.52 4.84
20 8.92 5.41
25 9.08 5.78
30 9.05 5.96
40 8.59 5.92
50 7.74 5.50
60 6.61 4.81

70 5.25 3.79 (modified)
80 3.73 2.43 (modified)

90 2.26 (modified) 1.000 (modified)
95 1. 69 (modified) 0. 239 (modified)

100 1. 000 (modified) 0. 016 + 0. 500 (modified)

3.2.*1.4 Prfopel ggmgd, . The circular propeller shroud uses a
snard NACA 23015 airfoil section, 7 in. In chord. The section chord is at

3. 5 dog angle of incidence with the body centerline, creating a converging duct.
The duct centerline is at waterline 100 and parallel to the body centerline of

waterline 99.625. This displacement places dhe propeller thrust line through

the center of gravity. The shroud lePan edge is located at fuselage station
163.25; the propeller plane Is locate at fuselage statim 165. 63. Clearance
between the propeller and the duct Is nominally 0. 5 in. Diameter measure-
ment. of the leading edge and trailing edge of the shroud are 21.75 and 20.89
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in., respectively. The duct is rigidly supported in its position relative to the
fuselage by three tapered struts. These struts are located 120 deg apart

around the circumference of the shroud, with one strut located on the lower

centerline. The strut ends are structurally molded to the duct lip just Inside
the leading edge. The struts are 0.5 in. thick. Molded slots on the fuselage

end of the struts permit positioning on and fastening to the corresponding

formed bosses on the fuselage. This installation is shown in Figure 20. Two

countersunk allen head screws with countersunk lock nuts anchor each of the

three struts to the fuselage and permit removal for repair or replacement.

3.2.1..5 Elevon Geometry. The two elevon control surfaces span 31.25 In.
from wing station 35.125 to wing station 66.375 behind the rear (70 percent)

wing spar. Clearance between the elevon end and the cutout edges is 0. 375 in.
for the inboard edge, 0. 125 in. for the outboard edge. Chord dimensions of

the elevons are 9.511 in. inboard and 7 in. outboard, as shown In Figure 21.
The elevon hingeline is located at 76.5 percent of the wing chord.

3.2.2 Design Loads

The load spectrum of the RPV is indicated in Table 12. The gross weight for

design was 120 lb. In some respects the load spectrum is considerably ex-

panded over that of a conventional aircraft (perhaps with the exception of car-
rier aircraft). This expansion, primarily In the longiftdinal and lateral sense,
derives primarily from the launch and recovery operations. A design load

esot ag safety of 1. 25 is applied to all loading conditions for structural sizing

110 U t eo o iy- fotor (V-N) diagram for the RPV. The *6-g

eigmamt to Ann. Gut velocities superimposed on the figure show the
MW o tgo IM to iamer a wide range of gusts without exceeding design
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Figure 21. Aquila Elevon Geometry

loads. Detailed loads for the various airframe components, and the structural

analyses of those components, are contained in Reference 6 and Reference 7.

3.2.3 Airframe Structural Arrangement

The airframe structural arrangement is strongly affected by subsystem access

requirements. This is well demonstrated by consiciering the access panels

and covers shown in Figure 23.

* 3. 2.3.1 Fuselaze Stucture. The fuselage is particularly dominated by its six

*access panels, only one of which, the alternator access panel, Is structural.

Fuselage bulkhead locations are shown in Figure 24. Bldkhesds 130 and 147

are located to align with the wing spars and provide the structural carrythrough

a 6Krachuan, Howard E., AQUILA STRUCTURAL INTEGRITY REPORT, Development Sciences,
Inc.; LMSC Subcontract GSIOB7130A, DSI Job No. 2846-SR, Lockheed Missiles and
Space Company, Inc., Sunnyvale, California, 3 October 1975.
7pukuhara, K., AQUILA FUSELAGE STRUCTURAL ANALYSIS, EM No. 5584-36, Lockheed
Missiles and Space Company, Inc., Sunnyvale, California, 13 February 1976.
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TABLE 12. RPV DESIGN LOADS

Overall Design. Load Factors (for a gross weight of 120 ib):
0 Vertical *6g
* Longitudinal :L6 g

* Lateral :L2.5 g

Payload Protector
* Vertical +6g

* Longitudinal +6 g
* Lateral :L2.5 g

Engine Installation
* vertical 6 g

* Longitudinal 8 g

Propeller Shroud
* Maintain propeller clearance with 6-g vertical load
* Vertical load: 300 lb
* Lateral load: 200 lb
9 Longitudinal (aft) load: 100 lb

for wing loads. Other bulkhead locations are due primarily to cosdrtOf
subsystem location and geometry. The resulting structural arrangement'is
shown In Figure 25. This figure shows the schematic of the primary structure.
B1, B 2 B 3, B4 , B5, and B6 are the bulktheads. Bulkeads B 3 and B4 resist
the forces carried by the wing connections. The other three bulkheads (eat-
clusive of the B 6 close-cut bulkhead) are used for the equipment mounting, the
shroud connections, and payload protector connections. i

The longitudinal rib or intercostal, a-b-c, connects B1 , B2 , and B 3 . This
trmfers mteforebodylngitudlbendintfbukhead B,. C, a closing rib

comneoting Nukha B34. and P is the structura mebr ft,~yn the
body bending loads between theas two bulkheads. C 2 is the root rib; of the wing
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SHROUD s

LEGEND

51 MLKHMA 104 b I NTERCOSTAL/bLKHEAD 113 JOINT,
12 BULKHEAD 113 c INTERCOSTAL/btULICHEAD 130 JOINT

BULKHEAD 130 d BULKHEAD 130/CLOSING RIB JOINT
S4 kIJHEAD 147 a BULKHEAD 147/CLOSING RIB JOINT

55 BULKHEAD 155 f BULKHEAD 155/CLOSING RIB JOINT

B6L'HU A" 164 a REAR S2STRUT BOLT
C1  WINGi-S" CLOSING MI h FRONT S2 STRUT BOLT

C2  IN40TUI FRONT S STRL1TBOLT
Sl 0011M om STRIJT I REAR SlSTRUT BOLT

S2 LE"T SIIUO STRUT k PRONT S2 STRUT BOL'
S3  RIGHT am"O TUA I REAR S2 STRUT SOLT

a INTCOSAIAW4ILAD 104 JOINT p PAYLOAD PROTECTOR

Flgpr 25. Struotual Arraagements (Top View)
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which helps to stiffen the wing at the Joints and distributes the bending between

connections d and e. The shroud is connected by three struts (two. of which are
similar), S1 and S,to the fuselage. S1 is connected at J and k. S ts con-

o-2
nected at g and h. The skeg (S) is connected directly to the bottom of bulkhead

B3 . The payload protector (p) is connected to hinges in bulkhead B1, and by

struts at m-n to bulkhead B3 . The structural access panel to the alternator

compartment closes the section between bulkhead 155 and bulkhead 147. The
resulting monocoque section (closed by the wing stub closing rib) reacts the

engine loads transmitted into bulkhead 155.

3.2.3.2 Wing Structure. The wing structure (Figure 26) is conventional,
consisting of the two wing spars at the 25-percent and 70-percent chord loca-

tions for reacting bending loads, and the root and tip closing rib. A partial

rib from the 70-percent spar to the trailing edge closes the elevon cutout at

LEADING EDGE -

MAIN (25% CHORD) SPAR

WING-ROOT
SCLOSE.OLIT

RIBTIPFAIRING /

~~WING-TIP J
CLOSE.-OLTr /I q II

I ' E'EVON CUtOUt F .

Fiue26. Win Struobwal Members
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the inboard elevon edge. The wing skins complete the D-shaped leading edge

and the torque box between the two wing sparts to react torque loads and chord

loads. The nonstructural tip fairing attaches to the tip and completes the elevon

cutout.

3.2.3.3 Shroud Structure. The rigid skin-over-foam structure arrangement

of the propeller shroud, showr In Figure 27, maintains the circulai shroud
a

against vertical, side, and chord loads without significant deformation. The

lower shroud strut cross section, also shown in Figure 27, is a double-box

structure, so reinforced as to react normal shroud lift loads and landing loads

during normal net recovery and emergency skid landings. The Inner box also

provides for passage of the coaxial cable to the receiving antenna. The upper

shroud struts section (Figure 27) are oriented radially so as to assist in re-

acting vertical loads and to react side loads. The closed cross sections of the

three struts combine to react torque loads that would tend to rotate the shroud

around its axis. The resulting structurally rigid arrangement, completed by

attachment to the body, maintains clearance between the propeller and shroud

during all flight and ground handling operations.

3.2.2.4 Elevon. The elevon structure geometry consists simply of the elevon

skin and a closeout rib at each end. The resulting closed section reacts the air

loads, torques, and ground handling loads on the aileron. These are translated

to loads at the aileron hinges and transmitted into the wing structure.

3.2.4 Materials, Characteristics, and Applications

The principal structural material for the Aquila is Kevlar (formerly PRD-49)

and epoxy. Kevlar Is a DuPont synthetic "Aramid" fiber known for its high

strength ad light weight. Other current applications include tire cords and

bulletproof vests. The material was selected primarily as a means of reducing

airframe weight. Lockheed has extensive experience with Kevlar in aircraft
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applications, and assisted the airframe subcontractor in setting up the fabrica-

tion processes. Secondary structures (primarily equipment-mounting brackets)

and door-sill reinforcements are made of fiberglass. Polystyrene foam is

employed to stiffen shroud elements by preserving section cross sections.

Microballoon-fllled epoxy is used to stiffen elements where point loads require

local strengthening. Nomex honeycomb is employed to stiffen door, bulkhead,

and skin areas spanning large areas. Material properties and specific applica-

tions are discussed below.

3.2.4.1 Material Propertles. Room-temperature properties of the materials

used in the Aquila airframe are shown in Table 13. Only basic material prop-

erties are given; however, the ultimate allowable stress In a composite struc-

ture depends on the structural configuration of the part, e.g., honeycomb

sandwich, laminate, etc. Appendix I of Reference 8 defines the maximum

stress for design loads and the ultimate stress for the many structural ele-

ments In the Aquila airframe. (See also Volume 11 of this report.)

TABLE 13. AQUILA STRUCTURAL MATERIALS -
ROOM-TEMPERATURE PROPERTIES

Tension Compression Density
Strength Modulus Strength Modulus 3

(ksi) (psi) (kst) (psi) (lb/In.

Kevlar

Unidirectional 170 10.1 40 10.1 0.048

Style Fabric 120 60 4.4 23 3.5 0.048

Style Fabric 281 70 4.4 26 4.0 0.048

E-Glau
UnidIreotsonal Fabric 160 5.7 0.072

3.2.4.2 fin aLEewmentDwJ. The following paragraphs provide a brief

dseorlpll of t material applications for the various components of the RIV
stmtre. D hd decripUos nd analyses are provided In Referenoe 8,
an In detail drawing. p
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Fuselage. Primary fuselage bulkheads (130, 147, and 155) are constructed of

Kevlar caps with a 0.25-in. sandwich web of Kevlar face sheets and Nomex

honeycomb. Secondary bulkheads (104 and 113) are laminated Kevlar sheet.

The removable bulkhead, 164, is perforated aluminum sheet 0.020 in. thick.

Fuselage closing ribs are fabricated of Kevlar cloth. The large upper access

panel, extending from bulkhead 130 to bulkhead 155 and containing the fuel

cell, is honeycomb with Kevlar face sheets and 0.125-in. Nomex core. The

fuel cell box is of similar honeycomb construction. All other access doors

(panels) and the nose cap are of Kevlar cloth. Sills of the access holes and

edges of the access doors (panels) and nosecap are reinforced with strips of

E-glass to accommodate the screw fasteners. Brackets for mounting subsys-

tem elements into the fuselage are predominantly of E-glass. The spool

mount for the alternator is an exception, being laid up of Kevlar cloth.

Wfinu. In the absence of internal ribs, the basic airfoil shape is maintained by

a sandwich skin of Kevlar cloth face sheets and 0.25-in. Nomex honeycomb.

Full length spars are located near the 25-percent and 70-percent chord points.

Each spar consists of Kevlar cloth with Kevlar cap doublers. The caps are

bonded to the sandwich skin outer sheet. The spar webs are beaded to increase

shear load-carrying ability. The blunt trailing edge is reinforced with

microblloon-filled epoxy.

Each spar cap doubler extends through the wing closure rib and is attached by

two fasteners to fittings bonded to the fuselage primary bulkhead caps. Alu-

minum doublers are bonded to the attachment points to increase bearing strength.

Elevon construction is similar to the wing, consisting of 0.125-in. Nomex

honeycomb with Kevlar face sheets. There are no spars in the elevon. End

closures are of Kevlar cloth.

Shroud. The propeller shroud structure consists of Kevar skin filled with

2-lbftt3 density polystyrene foam. The struts are of similar construction,
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except for the body attachment regions, which are filled with an epoxy/
microballoon mixture to react the attachment bolt loads.

3.3 POWER PLANT

The power plant of the Aquila RPV is composed of the following elements:

" Engine
* Fuel storage and delivery system
* Propeller

* Electrical power generation system

3.3.1 Description

A McCulloch Corp. Model MC-101MC single cylinder, two-cycle, air-cooled
engine forms the basis for Aquila propulsion. LMSC-developed procedures

(Reference 8) are used to prepare the engine for flight application. This
engine directly drives a pusher propeller to generate thrust. A rear view of
the Installation is shown in Figures 28 and 29. A flexible, wound-steel-wire

shaft attached to the engine flywheel drives an alternator at engine speed to
produce electrical power.

3.3.1.1 Engne.

Mggiujoh SmangeaUns. The applicable McCulloch specifications are:

SDisplacement 7.G n.3 (123co)

* Bore 2.280 in. (58 mm)
" Stroke 1.835 in. (46.6 mm)

* Compresson ratio 9.4:1

8Nfueller, Jan 3., PRBPATIOX OF AQUILA IGINES, Specification No. 5542016-C,
Lockheed Missiles and Space Company, Inc., Sunnyvale, California, 30
January 1976.
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* Inlet valve Four petal reeds on V-block
0 Piston Heat-resistant aluminum alloy
0 Piston rings Two, narrow tool-steel type, pinned

to maintain alignment
0 Connecting rod bearings M-50 tool-steel needle rollers, uncaged
0 Wrist pin bearings Two caged needle roller bearing sets,

pressed Into piston
0 Main bearings Two caged ball bearings, thrust

bearings
* Crankshaft Engine equipped with SAE J609 0.75-in.-

diameter power takeoff shaft; counter-
balanced, hot forged steel hardened
and ground; extensively shot-peened and
tungsten counterweights

0 Cylinder-crankcase Die-cast aluminum alloy with precision-
honed cast-iron reborable liner

0 Cylinder head Die-cast aluminum alloy, removable
* Direction of rotation Clockwise (facing power takeoff shaft)
* Ignition Waterproof, high-tension, high-output

magneto; heat-resistant, moisture-proof
ooil bonded to lamination

0 Flywheel High-pressure die-cast aluminum aloy
with integral magneto magnets, a steel
hub, and cast cooling blower vanes

The LMSC development of the Aquila engine is described in Reference 5.

C. A Hartman Engineering MCM-1 reed valve and induction manifold
are employed on the e.gine. An adapter plate is used to fix two Walbro Cor-
poration SDC-5 chat-saw caMbretore to the manol l. The carburetor In-
stallation is shown in Figus 30 and 31.
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The SDC-58 carburetor fuel-flow regulation system is a diaphram, lever, and

spring mechanism that locates a needle valve controlling fuel flow relative to

venturi and ambient air pressure differences. Fuel is supplied to the regulator

by a diaphram fuel pump Integral to the carburetor. One side of the fuel pump

dlaphram is interconnected to the engine crankcase and i driven by pulsations

in crankcase pressures. The fuel inlet fittings of the two carburetors are

manifolded to the fuel supply line from the fuel tank. An air bleed Is provided

on the manifold to allow removal of air bubbles in the fuel line before an engine

start. Fuel mixture ratios are controlled by a fixed main jet and an adjustable

low-speed Jet on each carburetor.

The butterfly valve throttles of the two carburetors are driven by a central cam

that pivots about a shaft threaded into the manifold adapter plate. The cam is

actuated by a rotary servoactuator through a bell crank and cable mechanism.

Idle speed is adjusted by turning a threaded sleeve at the engine bulkhead to

shift the position of the cable sheath relative to the servoactuator.

Idle fuel mixture is supplied by both carburetors. The primary carburetor

(lower) provides the additional fuel-to-air mixture required to reach approxi-

mately 6,000 rpm. Above 6,000 rpm, both carburetors are engaged and reach

the fully opened position simultaneously. This progressive-action, two-

carburetor arraneS.nt allows the engine to operate on one relatively small

carburetor in a fuel-efficient manner under cruise conditions, but provides

sufficient carburetor throat area at the full throttle position to obtain the full

rated power of the engine.

COJ. .Air Blowe sw,. The engine, as delivered from the Mculloch

Corporation, is equipped with a two-pieoe shroud to control the blower Inlet and

exit flow. krroundft the blower is a cast magnesium alloy section, to which

a formed sheet steel section is attached to confine air flowing past the oolin

fins of the ev cylinder head. The Aqula engine configuration uses a one-

pioe molded fiberglass shroud that reduces engine weight.
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Spark Phu. The spark plug, a Champion model RL-78, is a commercially

available two-cycle, 14-mm, spark plug; it is unusual in that it is a resistor

type developed for use in Canada to meet radio Interference restrictions. Use

of this spark plug eliminates any need to further shield the engine ignition sys-
tem to prevent electromagnetic Interference problems.

Exhaust Sak. The exhaust system comprises a short stack formed from a

length of mild steel seamless tubing, with Inside diameter of 1.375 in. A man-

drel is used to shape the upstream end to the outline of the engine exhaust port.
A steel flange is welded to the stack to provide an interface to the engine mat-

ing bolt pattern. The exhaust end of the stack is shown in Figures 28 and 29.

Mounting. A horseshoe-shaped plate machined from aluminum stock is the

mounting bracket for the engine. This plate is located against the engine cast-

Ing surrounding ie flywheel. The bracket is secured to the engine block by 4

screws at the points provided by McCulloch to mount the original cooling
blower shroud.

Four tabs protrude radially from the bracket and are drilled to accept the mount-

ing studs of the model J 4624-27 Lord isolation mounts. The isolation mounts

are In turn bolted to aluminum extrusions mounted from the rear face of bulk-

head 155. Sima are placed between the isolation mounts and the aluminum

extusions to center the engine power takeoff shaft within the propeller shroud.

Drin. An alumimm adapter bolts to the flywheel center on the for-

ward side of the engine. A square broached aperture accepts a square-ended,

woumd-steel-wire, flexible shaft. The flexible shaft is pinned solidly to the
alternator armature shaft. The slip fit of the adapter to the flexible shaft per-

mits engine movement relative to the fixed-position alternator while torque is
Lon in- Isl transmittd.

4 10
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Propeller Hub and Starter Interface. The engine power takeoff shaft 1 2 in.

long and 0. 75 in. in diameter. A keyway is provided for the transmission of

torque to the hub. The three-piece hub ts a lathe-turned aluminum part. Th

propeller is clamped by the washer, secured with four screws, and safety-
wired. The hollow-hub taflshaft is pierced by a roll pin that is first pressed

in and then safety-wired. This roll pin provides a point of contact for the en-

gine starter shaft, which enters the hub and engages the drive pin with a

slotted end.

Instrumentation. A thermistor is installed in the tapped hole in which the

McCulloch compression release valve is normally fitted. The temiperature

signal voltage is telemetered to the ground control station (GC8) so that engine

temperature can be monitored by the vehicle operator.

A second thermistor Is located on bulkhead 155 to monitor the air temperature

of the engine compartment. The data are recorded at the GC8 but are not con-

tinuously monitored.

Engine speed Is derived from circuitry connected to the alternator. This in-

formation is used by the flht control system as feedback In the rpm control

loop and Is telemetered to the 0C8, where It is monitored continuously.

3.3.1.2 Fuel Storage and Delivery Systam.

Fuel Tank , The Aquila fuel tank is a plastic bladder with a capacity of approxi-

mately 16 lb of fuel. No vet Is used for the tank, which collapses under am-
bient pressure as fuel Is drawn off. The single fank aperture is used both as

an outlet and a fill point. A speoial refueling apparatus Is required that will

first apply a vacuum to the tank to remove any air or fuel and then to fill the

tank without admitting air. This type of fuel tank eliminates the possibility of

air entering the fuel mply line when the vehicle assumes unusual attiades.
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The fuel tank is stored on board the RPV within a Kevlar box attached to the

underside of the vehicle central access cover. The fuel tank can therefore be

removed from the vehicle for refueling.

Fuel Supplv Line. Fuel lines are made of clear plastic Tygon tubing, which is

resistant to hardening when exposed to gasoline. After exitng the fuel tank,

the line is fitted with a quick-disconnect coupling that simplifies removal of the

fuel tank from the vehicle. The fuel line is directed aft from the quick-

disconnect coupling through two bulkheads to the carburetor fuel inlet manifold.

The fuel line has a 0. 25-in. internal diameter from the fuel tank to the quick-

disconnect coupling. Between the quick-disconnect coupling and the engine,

the fuel line has a 0.125-in. internal diameter. Fuel lines are secured at each

fitting with a double wrap of safety wire.

Low Level Indicator. A lever arm is pivoted so that the free end bears against

the upper surface of the fuel tank bladder. As fuel is consumed and the bladder

height drops, a microswitch is tripped, closing a circuit that indicates a preset

level of fuel remaining.

Fuel The specified fuel mixture for the Aquila RPV is 16 parts avia-

tion grade gasoline, MIL-F-5572, 100/130 octane, to 1 part McCulloch Cor-

poration 2-cycle oil by volume.

3.3.1.3 Promeir. The propeller used for the Aquila RPV is a wooden, two-

blade design hbricated by Propeller Engineering Duplicating of Sn Cle ,

California. For laminations are used to provide stregth. Thetimmed di-

ameter is 19.5 in., which allows a nominal 0. 5-in. clearaws between blade

tips and the prpeller shroud Iner urface.

Each propeller Is prof led and tested to prodnee oonmistent maimum engine

speed while runag statically. The aotiv*i~ factor and blade pitch angle awe
osen to be most efficient at the best climb speed for the airoraft. The
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nominal full-throttle, static, propeller speed is 8,000 rpm at sea level. A

variation of 100 rpm in the 8,000-rpm range is the allowed difference from

the rpm of a standard (calibrated) propeller for acceptance of propellers.

Acceptance testing for the engine and propeller combination is conducted in

accordance with Reference 9.

Electrical Power Generation System The RPV electrical power Is supplied

by an alternator coupled to the engine. This alternator is an ac rotary machine

of the Lendell design similar to the machines currently used by the automotive

and light-aircraft industry, although of lighter weight and capacity. A solid

state rectifier stack is integral to the alternators. Regulation of the alternator

output is provided by a remotely mounted solid state regulator.

The alternator/regulator combination provides a maximum of 600 W of power

over an engine speed range of 4,000 to 10,000 rpm. The output voltage is

regulated at a nominal 28.4 Vdc. The alternator and regulator are built by

W. J. Dufresne Company.

A secondary battery is connected across the output of the alternator to provide

emergency power if an alternator or power plant fails. This battery will sup-

port the essential electronics for approximately 5 min (depending upon Initial

charge and condition of the battery), allowing time for either normal recovery

or a skid landin of the aircraft.

The battery is a series-oonnected 19-ceU, vented secondary nickel-cadmium

battery. Itisratedat0.8 Ahatal-hourrate, derated to 0. 66 Ah at a o-

min rate with end of life voltage defined as 18 V. The battery Is supplied by

EZale-Picher Indutries.

9Mueller, Jan ., ACCEPTANCE TEST FOR RPV-STD ENGINE TUNING, ATP 5542017-D,
Lockheed Nisailee and Space Company, Inc., Sunnyvale, California, 22 July
1975.
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A power supply built by Gulton contains a dc-to-dc converter and three preci-

sion voltage regulators to provide the regulated voltages required by the flight
control electronics. This unit operates from the +28 Vdc bus and is capable of

providing +5.0 h 0.3 Vdc at 1.5 A maximum, and + 15 + 0.15 Vdc at 750 mA

Tnmum. In actual operation this unit is derated to 60 percent of its maxi-

mum capability.

The RPV power switching is provided by a relay assembly designed and fabri-

cated by LMSC. A command via the umbilical plug activates the primary bus

relay, applying power to the flight control electronics, all flight control trans-

ducers, and the command receiver. This relay electrically latches and re-

mains latched until commanded off, again via the umbilical. When in the off

position, the primary bus relay isolates all the electrical load from the battery.

After the primarv bus has been energized and the engine speed has exceeded

1,500 to 1,700 rpm, the secondary bus relay is energized. The secondary bus

provides power to the telemetry transmitter and the payload electronics. This

bus automatically drops off-line when the engine speed falls below 1,500 to

1,700 rpm or when the primary bus is commanded off.

3.3 2 Requirements and Capabilities

3.3.2.1 Power. Figure 32 shows curves of engine brake horsepower versus

rpm for densityaltitudes of sea level, and 4,000, 8,000, and 12,000 ft. These

curves give maximum horsepower available without subtraction of installation

losses or reduction due to power absorption by the vehicle alternator.

Since the Induction air for the engine is drawn from a closed compartment,

temperature rises and pressure drops can cause installed power to be less

tan the rated maximum. Average alternator power is 0.55 hp at all rpms.
Peak available engine power exceeds the 11 hp initially predicted by 0. 7 hp.
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Figure 32. Engine Horsepower
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3.3.2.2 Fuel Consumotion. Figure 33 provides a graphic representation of
specific fuel consumption relative to rpm for a propeller load similar to the
flight Item. Each of the four curves applies to a different density-altitude con-
dition. Lines of constant horsepower are Included for reference.

1.2 8 HP

0

U

0.7

0 6,000 7,000 8,000

ENGINE SHAFT SPEED (RPM)

Figure 33. specific Fuel Cosmtion Partial Load

Specific fuel consumption at the full power onUmiio at sea level Is 5 percent
better thian initially predicted. A 30-percet improvement Oo predicted
values exists at the 12,* 000-ft level. The 0.* 74 lbAap/iour value for the sea-
leve cVudbe condition io unusually low for two-cycle engines.
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3.3.2.3 Weit. Power plant weight is as follows:

Eigine (inouldes carburetlon, cooling fan
shroud, and ignition) 13.18 lb
Exhaust stack 0.35

Throttle linkage 0.25
Propeller assembly (includes propeller,
shaft extension, washer, and hub) 0.91

Fuel system (Includes bladder tank, low-
level sensor, fuel lines, and quick-
disconnect coupling) 1.05

Alternator drive (includes flywheel adaptor,
and drive shaft) 0.24

Total 15.98 lb

3.3.2.4 Electrical Power Co litv. Figure 34 graphically illustrates alter-

nator output as a function of engine rpm. Constant amperage lines of 20, 16, 12,

8, and 4 demonstrate that a peak power of 566 W is available from 3,900 engine

130
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24-

~22-

20
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16 ' -

14- ",A;12,
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1,000 2,000 3,000 4,000 5,000 6,000 7,00 8,000

ENGINE SHAFT SPIED (RPM)

Figure 34. Variation ol Alternator Output With RPM
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rpm and above. The flight control rpm loop limits minimum engine speed to

4,000 rpm to maintain full alternator power throughout the available engine

speed range. The design aim was an alternator of 500-W capability and a

regulated voltage of 28.4 Vdc.

An early goal for power plant weight, less the fuel system, was 14.66 lb. The
current power plant weight, less fuel system, is 14.93 lb. The difference
represents approximatefy a 2-percent increase for the current design.

3.4 F1r.(HT CONTROL SYSTEM
0J

The RPV flight control system performs the dual function of stabilizing the

RPV and controlling the flightpath in conjunction with the GCS computer via the
uplink telemetry. The system requires no directly applied piloting skills to

fly the RPV. Aircraft stabilization is accomplished within the aircraft onboard

electronics system; heading rate, altitude, and speed commands from the GCS
direct the flight of the aircraft. All RPV position, navigation, target-location,

and artillery-adjustment computations are performed by the computer in the

GCS.

The system consists of three closed-loop systems that control airspeed, alti-
tude, and heading rate. The closed loops operate in three primary modes:

cruise, dead reckoning, and approach. The aircraft is stabilized by onboard
closed loops, so the operator is not required to maintain hands-on operation to

keep it in the air. The operator is able to command airspeed, altitude, and
heading rate from controls on the console in the GCS during manual mode oper-

ation. The operator is also able to command automatic lawh, preprogram-

med navigation to selected geographic wa points, automatic search and loiter

pattern, and semiautomatic approach to recovery during which the computer

is generating airspeed, altitude, heading rate, and z-axis velocity command.
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In the cruise mode, airspeed control is achieved by trimming the pitch angle of

attack with the elevons operating in phase, altitude control is achieved by ad-

vancing or retarding the throttle for ascent and descent, and heading-rate con-

trol is achieved by controlling the angle of bank by operating the elevons dif-
ferentially. During the cruise mode (block diagram in Figure 35), the GCS

computer issues airspeed, altitude, and heading-rate commands. These are

telemetered to the RPV, where they are compared with the measured status

data; the resulting error signals are converted by the FCEP into servo-

actuator commands. Dynamic pressure (velocity) and static pressure (alti-

tude) data are provided by the air data system with flush-mounted calibrated

pressure ports; heading rate data are supplied through a rate gyro.

In the dead reckoning mode (Figure 36), the RPV responds to commands pro-

grammed and stored in the autopilot. Speed and altitude are controlled in the

same manner as in the automatic cruise mode except that the airspeed and

altitude commands are obtained from storage registers in the autopilot. These

registers are programmed via the telemetry link with airspeed and altitude

data from the GCS computer for each leg before the start of the dead reckoning

mode. The heading rate command is derived internally from circuits that

compare the stored heading command in the autopilot (also programmed be-

fore the start of the dead reckoning mode) with the measured heading compo-

nents sensed by the magnetometer. (The rudiments of this flight mode were

demoutrated; i.e., dead reckoning legs were flown. Formulation and circuit

anomalies, however, prevented reliable use of this flight mode, and evaluation

by the Army was not accomplished pending resolution of the design anomalies.)

In the approach mode (igure s3), command signals from the GCS operate

the flight control system In a different manner from that in the cruise mode.

Instead of controlling pitch, as in the cruise mode, airspeed commands control

the throttle. Also, rather than control of the altitude, z-axis velocity is con-

trolled. On the approach glideslope, the elevons receive in-phase z-axis vel-

ocity commands, thereby controlling the rate of descent. The z-axis velocity

I
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Figure 3a. Block D a gram of Flight Control System, Approach Mode

commands are compared with the integrated output of the RPV z-axis accelerom-

eter resulting in application of z-axis velocity error to the elevons. Headng-

rate control is achieved In the same manner a s in the cruise mode.

4. 5.1 Description

The RPV flight control system comprises six units: an autopilot, servo-

actuators, an air data system, a rate gyro, a mnpetometer, and a auceler-

ometer. These are described In later paragraphs. The autopilot controls the
servoactuator and is composed of 8 of the 11 circu1t cards in the FCEP. The
servoactuators, used to actuate the elevons and engine throttle, are mounted
Inboard of each slevon and an the enone firewmll. The air dat system senses
ait/ude and airspeed through static and dynamic ports In the nose of the vehicle,,
and comprises an altitude transducer and an airspeed transducer, both mountedI
In the no"e of the aircraft. The rate gyro sw pith and yaw attitud rate
aid Is restate in the noe" setion of the ai'rrat. The malgnetometer provides"



data for deriving aircraft heading and is located near the end of the left wing.
The accelerometer provides data for the approach mode and Is located in the
nose. Figure 38 shows the placement of these components.

REA ELECTRONICS PACKAGE

ALTITUDE
TRANDUCER

MAGNETOMETER

Figure 38. Flight Control System Hardware

3.4. 1.1 Auw t noe autopilot consist of eight plug-in printed circuit
boards deslinedl and fabrcate by LMSiC. These boards are housed in the
FCEP, along with the telemetry PCM encoder, decommutator, and bit syncro-

nizer boards built by AACOM, Inc. Figure 89 portrays the board placement In
the FOEP. The matrix wiring Is shown in Figure 40.

The autopilo pitah-loop electroics are divided between tw boeis doth
pic-onrland patm-dMWi printed pitctbors.Te Ahding

board also provides the oonrol-surfac. cross coupling required by the heading

loop because the RPV lacks a rudder. The pitch-loop electronics are an
analog design.
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Figure 39. Placement of FCEP Boards

Fi~e 40. Matrix Wiring
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The heading-loop electronics are contained on the heading-control board and
are also an analog design. The heading-control board also contains the heading-
hold circuitry, which allows the RPV to fly a magnetic compas heading during

dead reckoning missions.

The altitude-loop electronics are also contained on a single printed circuit card

and are an analog design. The rpm control-loop electronics (an interloop to

the altitude loop) are included on the altitude-control board.

The two signal conditioner boards provide a variety of functions and are of both
analog and digital design. These circuits include the conditaiing of transducer

signals for the autopflot and/or telemetry, the dead reckoning recovery tone

detection, and the power-switching interfaces between the autopilot logic and

the payload protector solenoid or power control relays located externally to

the FCEP.

The dead reckoning function is provided by the dad reckoning board. This
circuit is a digital design that stores three frames of telemetry command data.

Dead reckoning Itsmented by repeatedly feeding the PCM decoder a single

frame of data for each leg of the dead reckoning mission. This card also in-

cludes the timer, which selects the next frame of stored data at the end of each

leg. After the third leg, the timer returns control to the telemetry link.

The mode-control board is also a digital design. This board provides the digital

signals to control the anlog switohes on the pitch-damping, pitoh-oontrol,

heading-control, and altitude-control boards for the various autopilot modes.
When the telemetry link is valid, these mode control signals are controlled by

decoding a mode control word sent from the GCS via the command telemetry.
When the telemetry lnk is not valid, predetermined link-loss modes ar

automatically deooded.
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Telementry-link validity is tested on the mode-control board. The payload-

protector deployment, engine-kill command, and laser-arm and laser-fire

telemetry commands are also tested on the mode-control card before use in

order to prevent accidental events during telemetry link dropout. The flight-

termination timer, which kills the engine after 128 sec of continuous link

loss, is located on this board.

3
The FCEP weighs 6.9 lb and occupies 400 in. (4.25 in. wide, 6.6 in. high,

and 14.4 in. long). The enclosure (Figure 41) is fabricated out of molded

graphite using a proprietary technique developed at Lockheed and offers a

strong, lightweight package. The card retention techniques have been developed

and proved by LMSC in satellite programs.

Figure 41. Enclosure for Flight Control Electronics Package
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The total power dissipation for the eight autopilot boards is nominally 5.8 W.

Power dissipation for the three data-link boards is nominally 7.0 W. Cooling

is provided by air directed over the FCEP. Two large screen-covered holes

in the FCEP lid on later models allow for additional convective heat transfer.

3.4.1.2 Servoactuators. The servoactuators, used to drive the elevons and

throttle on the RPV, consist of a do motor driving an output shaft through a

gear train. The position of the output shaft is measured with a potentiometer

and is used as a position feedback to the input amplifier. The complete servo-

actuator, which weighs 0.7 lb and occupies approximately 13 In. 3 , is packaged

in a metal housing with the output shaft on one end and an electrical connector

on the opposite end. The output shaft is capable of rotation in both directions,

with mechanical stops at approximately *40 deg from the mldposition.

The servoactuator operates with a nominal input voltage of 28 Vdc at a peak

current of 0.5 A. Regulated *15-Vdc input voltages (at 20 mA each) are used for

the interior circuitry. The servoactuator responds to a control input signal

that varie& from -2. 5 Vdc to +2. 5 Vdc, corresponding to rotation of -40 to +40

deg. An output representing the feedbaok potentiometer position is used for

telemetry data and has the same voltage npresentaton as the Input.

The servoactuators were purchased from Simmonds Precision Motion Controls,

Jnc., and extensively modified by Lockheed (Reference 10) to improve their

performance and reliability. A photogsaph of the servoactuator is shown in

Figure 42. The actuator shell is 0.98 In. thick, l.88 in. wide, and 3.. in.

long. The connector, shaft, and mounting flanges expand the total length to

4.3In. nd width to 3 in.

10 Jones, Ken, AQUILA iPV SYSTEM TEST REPORT, CDRL AOOD, PART 7, SERVO-
ACTUATOR DEVU.OPHM1T, LMSC-L028081, Lockheed Kissiles and Space Company,
Inc., Sunnyvale, California, August 1977.

t
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Figure 4~. Servoac tua tor 

:3.4.1. 3 Air Data System. 

Airsnecd Transducer. The 2irspeed transducer provides an output signal pro

portional to RPV indicated airspeed. Impact pressure is sensed by a differen

tial capacitive pressure-sensing capsule that consists of a stainless steel case 

that houses a capacitor plate directly adjacent to a deflecting membrane. The 

chamber on one side of the membrane is exposed to the total pres&ure; the other 

chamber is exposed to the static presflure. The result is a membrane deflec

tion proportional to impact pressure. The capacitance change generated by the 

pressure capsule as impact pressure changes is converted to a high-level de 

voltage by the signal-conditioning r:!e~tronics also contained in the aluminum 

cnclo::mrc. A controlled product oscillator - consisUng of a control amplifier, 

;t feedback network, and an oscillator - excites the pressure capsule with a 

closely controlled ac voJ.tago. A detcctcr develops a de signal, proportional 

to tlw cxdtation and capacitance of the capsule, and amplified. 'fhe result is 

~~n rHl1l>Ut Rig11!t1 proportional to indicatcrl airspeed. 

120 

' 

• 



The airspeed transducer, which weighs 6 oz and occupies 6.25 in. 3 , is manu-

factured by Rosemount, Inc. The transducer operates from a *15-Vdc supply

at a nominal input current of 25 mA. The transducer provides a do output

voltage range of 0 to 6.5 V, corresponding to an indicated airspeed range of

30 to 130 knots. A photograph of the airspeed transducer is shown in Figure 43.

Altitude Transducer. The altitude transducer provides an output signal pro-

portional to RPV altitude. Static barometric pressure is sensed by a capaci-

tive pressure-sensing capsule. The capsule consists of a stainless steel case

that houses a capacitor plate positioned directly adjacent to a free-edge dia-

phragm. This free-edge design allows for a low-stress, hinge-like deflection

of the diaphragm to provide superior hysteresis, repeatibility, and resolution

performance. The chamber on one side of the diaphragm is exposed to the

static pressure; the chamber in the opposite side is evacuated and sealed off.

The result is a diaphragm deflection proportional to barometric absolute pres-

sure. The capacitance change generated by the pressure capsule as barometric

pressure changes is converted to a high-level dc voltage proportional to alti-

tude by the signal-oonditioning electronics in a manner similar to the elec-

tronics in the airspeed transducer.

The altitude transducer, which weighs 6 oz and occupies 6.25 in. 3 , is manu-

factured by Rosemount Inc. The transducer operates from a *15-Vdc supply

at a nominal input current of 25 mA. The transducer provides a do output volt-

age range of 0 to +6.5 V, corresponding to altitude ranges from -1,000 ft to

12, 000 ft. A photograph of the altitude transducer is shown in Figure 43.

3.4.1.4 R Gyro. The rate gyro is used to provide sensing of the inertial

rate over two orthopnal axes. The packageontains two rate gyros. The in-

stallation in the RPV is such that one rate gyro corresponds to pitch rates and

the other corresponds to a composite of yaw and roll rates. The rate gyro,

Smam~afaturd by Hamilton Standard, was modified by Lockheed by the addition

of laboraory-set reistors to isolate the dl bias drift with power supply
wnat/aons.
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a... Airspeed b. Altitude

Figure 43. Air Data Transducers

The rate gyro weighs 1.75 lb and occupies 27 in. 3 . The unit operates off +28

Vdc with a nominal input current of 0.3 A. The output voltage range varies

from -2.5 Vdc to +2.5 Vdc for a pitch rate range of -30 deg/sec to +30 deg/sec

* and for a roll rate range of -50 deg/sec to +50 deg/sec. A sketch of the rate

gyro is shown in Figure 44.

3.4.1.5 Maguetometer. A three-axis fluxgate magnetometer, manufactured

by Develco, senses components of the earth's magnetic field vector to derive a

heading reference. The magnetometer senses the three components of the mag-

netic vector (pointing towards magnetic north) and outputs three proportional

dc voltages. This magnetometer uses ring-core technology to take advanLage

of the size and power economies associated with multiple-axes-per-core con-

struction. The complete magnetometer, with its ring-cores and sensor elec-

tronics, is housed in an rfi-shielded enclosure. One of the outstanding features

of the magnetometer is its nonmagnetic construction - which means that zero

offset error due to the "perming up" of the instrument (magnetization in parts

when subjected to strong fields) has nearly been eliminated.
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Figure 44. Two-Axis Rate Gyro Package

The magnetometer weighs 3.5 oz and occupies 4.5 in. 3 . The unit operates off

+28 Vdc at a Input current of 35 mA. A dc output voltage of 2.5 V full scale

corresponds to 600 mO. A sketch of the magnetometer is shown in Figure 45.

3.4. 1. 6 . The linear accelerometer, mnufactured by Syston

Donner, hmotions as a miniature servosystem responsive to input aooelera-

tions along its sensitive axis. Jput acceleration creates a force that tends to

move the seismic mass. This movement, which upsets the servo's balance,

is detected by the position-error detector. The servo-millig amplifier
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Figure 45. Magnetometer

requires a given preset Input from the position-error detector. The amplifler

sends a feedback current through the restoring ooil, which is located in a per-

manent magnetic field, and causes a force exactly equal and opposite to the

input force caused by acceleration. The restoring force returns the seismic

system to its original position and in turn reduces or increases the output of

the position-error detector until it reaches null. The servo system is now in a

force-balace condition. The servo ourrent required to achieve this balance

to directly procpwtinal to the input acceleration.

The accelerometer weighs 3 o and occupies 2.7 in. 3 . The unit operates off

&15 Vdc at an Input ourrmt of 17 mA. The signal output voltage corresponds

to a 0.80 V/g. A dtetih of the a--eleometer is shown in Figore 46.
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3.4.2 Requirements and Capabilities

The three principal control loops of the Aquila RPV-STD flight control system -

pitch, altitude, and heading - are illustrated in the functional block diagrams

of Figures 47, 48, and 49. Signal flow during the various control modes Is

determined using these block diagrams together with the autopilot switching

matrix (Figure 50).

3.4.2.1 Pitch Autovilot. Control in the pitch autopilot is exercised through

symmetric elevon action. During all flight modes except final approach, this

elevon action is used to control indicated airspeed to a commanded value, IASc.

The commanded airspeed is normally received by data-link transmission; how-

ever, during link loss, the command is switched to a fixed onboard value of 50

knots. The command is passed through a first-order lag circuit with a 4-sec

constant to reduce high transient loads due to step changes in the command.

Primary control is achieved through a proportional gain in the forward loop of

the pitch autopilot. A weak integral gain provides elevon trim with no steady

state velocity error. A pitch-rate gyro signal Is fed back to the elevon to pro-

vide adequate damping for the RPV short-period mode. A phugoid damper sig-

nal Is obtained by passing the filtered output, (AD))MF, of an accelerometer

(approximately vertical for straight-and-level flight) through a filter designed

to approximate altitude rate for phugoid range frequencies. A dc washout is

Included in the filter to eliminate accelerometer bias errors. All elevon sig-

nals are attemated by the elevon gain scheduler to permit lower effective gains

at higher speeds. The elevon gain scheduler is essentially a function generator

whose inPut is the filtered airspeed.

h the final approach mode, symmetric elevon aon is used to control vertical
motion of the RPV relative to the recovery TV camera boresight. The vertical

command, i0 , is generated inthe wGB software and transmitted to the air-
craft. The command is compared with the output of a filter designed to
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simulate the rate of change of vertical displacement from the camera boresight.

Input to the filter 18 the output of the normal accelerometer, (An)MF. The

filter includes a dc washout to eliminate accelerometer bias errors.

3.4.2.2 Altitude Autovilot. The altitude autopilot is controlled through engine

rpm. During all flight modes except final approach, engine rpm is used to

control the altitude to a value transmitted from GCS. The altitude command,

hc, is filtered through a first-order lag network having a 1-sec time constant to

reduce transients resulting from step commands. The filtered command, h,

is then compared with the fitered altitude measurement, hMF I and the error

signal, he , is passed through a proportional gain. The output of the gain block

is then passed through a climb-rate command limiter, which limits the climb-

rate command (h0 to a 20-fps climb and a 10-fps descent. The resulting

climb-rate command, (hc), is compared with hMF, the output of the alti-

tude differentiator, and the resulting error signal, fit is passed through a

proportional-plus-integral gain to A (RPM) c, which is limited to 2, 250 rpm.

This command, combined with a bias command of 6,250 rpm, permits a range

of rpm commands from 4,000 rpm to 8,500 rpm. No engine speed outside this

range can be commanded. The rpm command trim authority output from the

integral gain filter is likewise limited to 12,250 rpm, permitting zero-error

trim at any rpm within the 4,000- to 8, 500-rpm range.

An rpm servo loop inside the altitude loop provides quick and accurate control

of engine rpm by feeding back the measured rpm and comparing it with the

commanded rpm. The error signal, RPMt, is passed through a proportional-

plus-integral control to produce a throttle command, I (TH) AUTO limited

to *50 percent of full throttle. This command, when combined with a 50-

percent throttle bias command, permits a range of throttle command from

0 to 100 percent of full throttle. The throttle command is applied to a throttle

servo positioned to rotate the engine butterfly valve from a fully closed (0 per-

cnq to fully open (100 percent throttle according to the magnitude of the

ommand.
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An additional use of the engine is to control speed during the final approach

phase of the RPV mission. In this mode, the normal climb-rate command is

switched out and replaced by a signal from the speed error, Ase, channel,

multiplied by an appropriate gain. The output of the altitude differentiator is

also switched out during this mode.

3.4.2.3 Heading Autopilot. The function of the heading autopilot is to control

the direction of flight of the RPV. The autopilot consists of an inner control

loop to control heading rate, H, and an outer loop to control heading angle, H.

During all flight modes except dead reckoning, the outer loop is open and head-

Ing control consists of controlling to a heading rate command, Hc, transmitted

from the ground and applied to the summing junction of the inner loop. This

command may be an open-loop constant command, as in the manual autopilot

mode, or it may be generated by the ground computer to satisfy a guidance

steering requirement, in which case the guidance system constitutes an outer

loop about the heading-rate loop. Discussion in this section, however, is

limited to those loops that are mechanized aboard tme aircraft.

The inner loop, H, of the heading autopilot consists of a strong proportional

gain and a weak integral gain (for trimming aerodynamic asymmetries). The

integral term allows *2 deg of differential elevon motion for trim. The heading-

rate loop includes a roll-yaw gyro as a sensor, having its sensitive axis in the

plane of symmetry of the RPV, tilted downward by 20 dog from the aircraft

longitudinal axis. When the RPV flies straight and level at a 5-deg angle of

attack, the roll-yaw gyro axis will then be tilted downward from the horizontal

at an angle of 15 deg. In a steady turn, the gyro in this case would have an

output of approxmately ft sin 15 deg, so a feedback galn of 1/sin 15 deg would

bp needed to generate a feedback signal with a steady state value equal to the
h 'ading rate.

Since the steady state angle of attack changes with speed, the gain required to

achieve zero steady state heading-rate error would likewise change with speed.
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For simplicity, however, a constant value was used to correspond to a mid-

range speed. Steady state errors associated with speeds other than this mid-

range speed are not significant enough to warrant the incorporation of a

velocity-dependent gain. The roll-yaw gyro signal compensation filter is

designed to produce a signal approximately proportional to the heading rate

during the initial portion of a step heading-rate command. This transfer func-

tion also incorporates a zero, which cancels the pole associated with the air-

frame open-loop roll mode. These features permit the design of a high-

bandwidth roll-control mode.

The outer loop of the heading autopilot incorporates a three-axis fluxgate mag-

netometer for measuring the aircraft heading. The orthogonal axes of the mag-
netometer are arranged so that the X axis is parallel to the longitudinal axis of

the aircraft, the Z axis Is downward in the plane of symmetry, and the Y axis

is to the right. Only the X and Y magnetometer components are active in the

autopilot feedback loop. For level flight, the X magnetometer output is pro-

portional to cos H, and the Y magnetometer output is proportional to -sin H.

Outputs of these magnetometers are calibrated so that Hx = cos H and

Hy - -sin H in level flight.

To minimize the complexity of onboard processing, the sine and cosine of the

heading command are stored onboard the aircraft and accessed in the proper

order as each dead reckoning leg is flown. These commands are mixed with
the magnetometer outputs, Hx and H y, according to the trigonometric sine

difference formula to generate the error signal, sin (Hec - H). The outer loop

of the heading autopilot contains a proportional gain for primary control with an

integral gain to trim out errors due to a roll-yaw gyro bias error. Aircraft
roll and pitch corrupt the X and Y magnetometer outputs because of the declina-
tion of the magnetic field vector. Studies have shown, however, that the oor-

rupting influence is not disastrous If the outer-loop proportional gain is kept
below a calculable critical value. Although this magnetio declination effect
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causes differences in the aircraft response for northerly and southerly com-

mand, the gain has been set low enough that stability is present for all heading

commands.

3.4.2.4 Lik-Loss Mode. In the event of data-link transmission loss, a se-

quence of events is programmed to maximize the probability of survival of the

aircraft. A distinction is made between two cases: (1) no final approach has

been attempted; (2) final approach attempt has occurred.

In the first case, recognition of link loss triggers a sample-hold circuit in the

heading autopilot, causing the flight control system to hold the last commanded

value of heading rate. f link loss prevails after 8 see, a heading rate of 3

deg/sec to the right is commanded thereafter until the data link is reestablished.

Full engine throttle is commanded through the throttle command integrator, re-

sulting in a ramped throttle command that increases at a rate of 25 percent/

see until full throttle is reached. If link loss is not reestablished within 128

sec after link loss, the engine is killed and the RPV descends to a landing. The

speed command is set to 50 knots at the time of link loss and is maintained at

that value thereafter.

ID the second case, where at least one final approach attempt Uas been made,

the sequence of events after link los is identical to that of the first case with

one exception: duing the first 8 see following link loss, zero heading rate is

commanded.

3. 5 PAYLOAD SENSOS

: The taotical requirements of the Aquila RPV include target detection, reogni-

tion, and location, and laser deiUation. It is also required to perform laser

meaem ent of burst offset in order to dsormn the requi ed u*tUerr ad-

justment when veotoing artillery onto a selected target. In the Aquila RPv-
STD program, the requirements are pursued'by usig a v ety of daym
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sensors. The sensor program is divided into five phases, with sensor com-
plexity progressing from the simple unstabilized TV and photographic cameras
in Phases I and HI, through the stabilized Phase II sensors having video track-
ing capability, to the Phase IV and V sensors, which include full laser

capability.

Various sensors were investigated during the early part of the program, and a
decision was made to use the Honeywell pointing and stabilization element
(POISE) platform 9: the basic sensor platform. Honeywell built 13 Phase I
sensors and four each of the Phase II, M, IV, and V sensors. The majority
of these were delivered to Lockheed for integration into Aquila RPVs. A few
were dedicated specifically to other military programs.

A 2. 5-month test program was performed during the summer of 1977 at Fort
Huachuca, Arizona. This program achieved several objectives including: (1)
testing the performance of the Aquila system, including ground and RPV hard-
ware; (2) testing the performance of the various sensor systems against a va-
riety of target situations; and (3) training LMSC and Army personnel to operate
the Aquila and to perform simulated tactical missions.

A suitably modified Otter manned aircraft was also employed during this pro-

gram to check out specific system features. The Otter contained an RPV pay-
load, including sensor and data link. During the sensor test program, 24 Aquila
flights and 9 Otter flights were made.

Because of the nature of the test program, operator training was performed

concurrently with data gathering. As the program progressed, the test results
reflected a steady Improvement for three reasons:

0 Hardware and software discrepancies observed for the first time were

corrected as they occurred.
e s9ew perwrmancs mparoy, from Phase I to Phases IV and V.
* Operator performance and operational procedure matured extensively.
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The performance of the sensor was originally defined at specific confidence

levels, i.e., 50-percent confidence of target detection, etc. This statistical

confidence level has meaning only if a sufficiently large data base exists. The

limited contractor testing of sensors did not provide a sufficient data base for

statistical evaluation. Also, design and software/formulation changes, found

to be necessary as results of early "shake-down" flights with each sensor, ren-

dered much of the early data useless. Another characteristic of the contractor

test program was the use of extensive cueing of the sensor and RPV operators

as to target locations. This removed most of the operator performance limita-

tions and permitted a closer evaluation of the limits of capability of the target-

ing system. These evaluations are summarized in Section 3.5.2 of this report.

Sensors used are an unstabilized TV camera, a 35-mm film camera, a stabi-

lized TV camera, and a laser rangefinder designator. A simplified block dia-

gram of the sensors and the data-link interconnection is shown in Figure 51.

GCS commands are received by the airborne command receiver and processed

by the airborne data-link decoder. Commands from the decoder are sent to the

sensor electronics assembly, which command the. TV azimuth and elevation

gimbals and various TV drive motors, such as focus, zoom, and filter wheel.

Status signals - e.g., gimbal azimuth and elevation, zoom position, and laser

range - are sent to the sensor electronics assembly, which sends them to the

airborne data-link encoder, then to the transmitter for transmission to the GCS.

Video from the TV camera is sent to the command transmitter, where it is

multiplexed with the status data before transmission.

3.5.1 Payload Sensor Descriptions

3.5. 1. 1 Phase Phase I uses the unstabilized TV sensor system to provide

real-time TV surveillance. The system is designed to detect, with 50-peroent

probaity, vehiole-size targets on a road at 3.0km (1.9-mile) slant range

and In a field of 1. 5 ksm-,. 9.-nl) slant range. The system Is designed to

recognI, with 50 - -ent probability, vehiolos at 1.0-km W, 6-milo slant
range both an he road and in a &ld. Th. oerating range in limited by the
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Figure 51. Block Diagram of Sensors and Data-Link nteroonnection,

data link to 20 km (12.4 miles) and requires direct line of sight to the RPV.

The autopilot on the aircraft allows the ground operators to command the RPV

to fly a preprogrammed flight pattern In the target area; the ground operators

may then conduct a concentrated TV search of that area by remotely directing

the TV sensor as desired, with the manual control stick.

The TV sensor comprises a 12. Winu. -dineter dome of transpareat acrylic
plastic with an untmbllsed TV oammera, mooted fasides on a givabal system maP-
ported frow the sensor body. The semi' with Ais domes roeoved, is shkown in

Figure s2, The gimb a yteb aihs Nb a el- to robbt to 16 dog up and
qprininaal Nd#S Ofo aid to swing from ofs-aigt ad to __ -ximatuly

180 deg WIt ot. 1W dog right. Tbe -e o t weighs about 1? lb, lsInsteleI

through the top of te arrt, and protrudes through doe bottom. Ballast
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requirements increase the payload weight to 25.71 lb. The TV camera has a

standard 525-line format. Also, the camera has a remotely controllable 10:1
zoom lens, focus, and neutral-density filter wheel. The iris is internally con-

trolled, automatically responding to the amount of light detected by the camera.
The TV portion of the sensor is a standard 525-line commercial system and
therefore is not discussed in detail. The various motor drives for filter wheel,
zoom, and focus, for example, are commanded by discrete signals, such as

turn right and turn left.

A block diagram of the gimbal position and control circuitry is shown in Figure

53. In the figure, the azimuth control and elevation control are identical. To
simplify the discussion, only the azimuth control is described. Normal control

from the GCS is a clockwise or counterclockwise discrete command routed to

the switch logic, which in turn commands the motor drive circuits to drive the
azimuth motor clockwise or counterclockwise. A high-low slew discrete from

the GCS tells the motor drive to drive at 2 deg/sec or 10 deg/sec in the direc-

tion commanded. As the drive motor turns the azimuth gimbal, the azimuth

potentiometer senses the gimbal position. Its output is converted to an 11-bit

digital word and is loaded in a shift register by the timing and control logic.
At the appropriate position in the telemetry frame, the shift-enable signal
allows the telemetry clock to clock the 11-bit position data out through a logic
"OR" gate to status pelemetry in sync with the other status data.

The 11-bit position data are also sent to a digital comparator, where they are
compared with a fixed 11-bit azimuth cap angle representing 0 deg azimuth.

The comparator outputs cage clockwise or counterclockwise commands that
are sent to the switch logic. If a cage command I sent to mode control from

the GCS, or f the sensor is in a power shutdown sequence, the mode control

will generate a cage command that will oaus the switch logic to transfer from

the azimuth clockwise/counterclodkwise ooUmwlsds to the cap clockwise/
counterclockwise commands. These cap dowmands will be as required to

drive the azimuth gimbal to the 0-deg position. The motor-stop logic prevents

hunting as the azimuth gimbal crosses the 0-deg position. The elevation cir-

cuit operates in the same amer except that the elevation angle is -6 deg

(down) and consists of a 10-bit binary word.

142
J



I I! I. I
, - - - - - - - - , - - - - I

I _____ _ ,_ .__ - 1 I I
i T-T "" :r T" I I

I

L .- - - -... .- ... a - .

1.4,1

" 3I



3.5.1.2 Phase I. Phase II uses a sensor system that consists of the umstabi-

lized TV camera plus a 35-mm panoramic camera to provide photographic

reconnaissance as well as real-time TV surveillance. The 35-mm camera

(Figure 54) is mounted behind the TV sensor dome with its protective window

projecting through the bottom of the RPV. The camera has a field of view of

34 deg, and is piAnted straight down. The film is wrapped on a curved surface

within the camera, and the camera prism sweeps side to side from horizon to

horizon to give a panoramic picture. About 450 frames are contained on the

69 m (225 ft) of thin-base film, and the frame rate can be varied from 4

frames/sec to I frame/13.5 sec. The resolution of 75 lines/mm (and using

pan-X film) provides approximately 0. 5-m (1.6 ) ground resolution at a slant

range of 670 m (2,200 ft).

The Type 2-18 PRW Minipan camera is designed specifically for aerial photog-

raphy. Image motion control is not required since high resolution is obtained

through use of high shutter speeds and a design that combines continuous film

with a rotating folded mirror and lens system.

The light path to the film is as follows (Figure 56). Light from the scene being

photographed enters the camera mechanism by striking a scanner mirror.

This light is reflected from the mirror through the lens to the lower mirror

where It is reflected through an adjustable slit to the film plane. The light

duration on the film plane is adjusted by varying the. slit width in the scanner

assembly. Since the slit is rotatlin In a direction opposite to the directlon of

the film movement, the shutter speed is a funotion of the scanner's rotational

speed plus the film linear speed.

The sbter speed is maually adjustable in one-half f-stop Increments from

1/500 to 1/4,000 of a second; the lens aperture is manually adjustable from

f 2.3 to f 22. An litersymioter with/n the oamer allows, the frame rate to be

remotely adjustable from the GCS at any of nine frame rates: 4, 2, and
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command consisting of a trigger signal and a frame rate signal. The trigger

(start/stop) signal is a logic 1 (5.00 + 0.25 Vdc), which is applied to connector

P1-6 for the duration of the camera operational period desired. To stop the

camera, the voltage level at P1-6 must be returned to a logic 0 (less than 0.5

Vdc). The frame rate is commanded by a 5-bit binary code from the RPV

logic circuitry. The camera motor is activated when power is applied to relay

K1 from the intervalometer (bounded by the heavy dashed line in Figure 56).

When power is removed from the relay, the drive motor will continue to run

until the cam-actuated switch S1 opens. When the motor stops running, the

scanning mirror should be oriented toward the scanner enclosure. For frame-

counting purposes, the camera provides a pulse at logic level 1 for 187 (+20)

me. This frame count is initiated at the start of each frame exposure and Is

present on connector P1-7. The intervalometer voltage (5 Vdc) is present at

P1-8 for test reference purposes only. The camera is protected by a 28-Vdc

4-A fuse and a 5-Vdc 0.1-A fuse, both located on the intervalometer printed

circuit board.

3.5.1.3 Phan M. Phase M uses the stabilized TV sensor to demonstrate

target aoquisftion. The system, containin a centroid-of-brightness video

tracker, is designed to autotrack 2.3- by 2.3-m (7.6- by 7. 6-ft) targets 2.5

km (I. 6 miles) from the RPV. The stabilized system (Figure 57) is designed

to detect, with 50-percent probability, vehicle-size targets on a road at 5.0-
km (3. 1-mile) slant range and in a field at 2.6-km (. 6-mile) slant range.

The system is designed to recognize, with 50-percent probability, vehicles at

2.2-km (1.4-mile) slant range both on a road and in a field. The operating

range Is the same as that of the unstabilized TV sensor system.

ke the ustabilsed TV sensor, the stabilized TV sensor comprises a 12.93-

in. -diameter dome of transparent aerylic plastic, with a stabilized TV camera

moued inside on a gimbal system suported by the sensor body. The gimbal
system allows the camera to rotate 15 dog up, approximately 90 dog down,
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Figure 57. Stabilized TV and Autotraoker
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and to rotate 360 deg continuously either to the left or to the right. The sensor

weighs about 33 lb, and is installed through the top of the aircraft and protrudes

through the bottom. Like the unstabilized system, the TV camera has a stand-

ard 525-line format, but the tracker stabilizes the scene, which allows 300 lines

versus 230 lines, for the improved resolution required for target acquisition.

As in the unstabilized system, the camera has a remotely controllable 10:1

zoom lens, focus, three-position neutral-density filter wheel, and Internally

controlled Iris responding automatically to the amount of light detected by the

camera. The system can be mechanically caged by a signal from the GCS.

The TV portion of the sensor is a standard 525-line commercial system

mounted on a POISE system - an inertially stabilized, direct-drive, two-

gimbal system for stabilization and control of the line of sight of optical sys-

tems carried by aircraft.

The Aquila POIE system electronics (Figure 58) allows remote control of the

camera/lens system, video tracker functions, laser functions, and gimbal

position from the GCS. Output information includes the video picture with

tracker information, and azimuth and elevation position readouts. The POISE

system is composed of two major assemblies - gimbal and electronics - and a

video tracker.

G Ageembv. The POISE gimbal system is a direct-torque-motor-driven

assembly. The azimuth, or outer gimbal, is driven with a torque motor under

the top cover of the system and has a full 360 deg of freedom. Slip rings in

the azimuth hub transfer leotrical power and signals to the gimbal. The ele-

vation, or inner, gimbal is also torque-motor-driven and has an angular free-
dom of +15 (up) to -87 "own deg. Eleotridal power and signals are trans-
ferred to the eleation gimbal by flexible mduetors in tapes. Mounted on the
elevation gimbal are the TV camera and lens, the oentrold-of-brightness video
traer, gyrosopes ft tbilizatiaon, sad, for Pbmsee TV and V, the laser
rangetider and designator. The pointing direction is measured in azimuth by
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an optical encoder also located under the top cover and In elevation by a poten-

tiometer mounted on the azimuth gimbal. Conversion of elevation angle to a

digital word is accomplished In the electronics assembly.

Electronics Ausembly. The electronics assembly contains all the power-

conversion circuitry, azimuth and elevation servo loops, and signal buffers.

Nine printed wiring boards are used, with the high-power dissipating elements

mounted to the assembly end panels. A connector on the assembly interfaces

all power and input/output signals, except for video, to the aircraft. Two

other connectors interface the electronics with'the gimbal assembly.

Video Tracker. The centrold-of-brghtness video tracker (i.e., autotracker)

Is located above the lens systems on the elevation (inner) gimbal. Video from

the TV camera is connected directly to the tracker. Two functions are pro-

vided by the tracker. A reticle is generated, appears on the video monitor as

a horizontal and vertical line approximately in the center of the display, and

indicates the line of sight. At the Intersection of the lines is a box (gate) In-

dicating the area in the field of view on which the centroid computation Is being

performed. The second funotion is to compute a command proportional to the

error In alignment of a target from the reticle. This error signal is fed into

the command loop, which then causes the gimbals to move and center the tar-

get on the reticle. The tracker Is capable of tracking light or dark objects as

selected by the operator.

3.5.1.4 Phases IV ad . Phases IV and V use the stabilized TV sensor sys-

tem togete wilh a laser rangefinder and designator. In the Phase IV mission,

the system is used for artillery adjustment, first locating the target, then

measuring the distance between artillery Inmact and the target position. In
the Phase V mission, the system is used for target designation, first locating

the target as in Phase lIV, th illuminating (I. ae., designatng the target for

an incoming Projectile.
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Th, laser rangetinder and designator comprise an Nd-yAG (neodymium yttrium-

alMInuTm"1-garnet laser, an electronics package, a receiver telescope, a

transmitter telescope (Figres 5). and a battery (Figure s0). The laser ts a
Class IV laser and can case permanent eye damage if proper eye protection
is not worn. Characteristics of the lase designator include &ae fOllowing:

0 Rangefinde accuracy Range 5 m with 60-percent probailty
out to at least 8 kn and a 10-percent
reflecting target on a standard clear day

* Energy level Greater than 65 mmJ per pulse at dome
eit

0 Pulse width 15 to 23no
* Pulse rate and wavelength Exact rates classified; pulse rates 1 pps

and 1~olmtl 10 and 20 yps can be
selected from the OCS

0 Laser duty cycle Rae M o
20 ppe 1min 3min
l0 ppa 2 min 3min
1 pps -continuous-

0 Battery capacity Rat Total Firing Time

20 pps 10 min
10 jips 1S min
I po 70 min

The Phase IV system is designed to determine the location of a target within
100 m (330 ft) of its true position. Once a conventional round is fired, the dis-
placement between the Impact and the target (6oth'of which are shown on a 0GB
TV monitor) is to be calculated automatically for artillery adjustment of sue-
ceeding rounds. Reticle adjustment screws (Figures 61 and 6# allow bore-

* sighting the video tracker with the laser beam.

In Phase V, the Initial target position Is to be determined as in Phase IV. Once
* a cannon- launched guided projectile is fkte4, the awa Is fired at one of two

predetermined high pulse rates, Iljaigd*ietat which then reflects
the laser energy In a form that disfgates the targe for an inoomig homing
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projectile (a semiactive laser seeker). A code module, shown in Figures 61
and 62, is used for setting in the code of the day for the two high pulse rates
before launch. The laser system, shown in block diagram form in Figure 63,
comprises nine modules, each of which is described in the following

paragraphs.

.e The battery energy source for the entire laser system is pro-
vided by an 18-oell, 28-Vdc battery. The module is maintained at a minimum

temperature of 50"F by a thermostat and battery heater to ensure maximum
capacity while operating at low ambient temperatures. Power for the heater is
supplied externally. The module Is mounted to the main frame assembly cover
with three screws and can be replaced readily when discharged.

Power Simply hdule. The 28-V battery energy is converted by an inductive-
aided, capacitor-changing dc-do converter to a 700- to 930-Vdc level appro-
priate for flashlamp discharge. Pseudosimmer, energy storage, and pulse-
shaping functions are accomplished by the power supply circuits. The power
supply converter also provides a 300-V and 250-Vda source for the pockels
cell trigger and flashlanp trigger modules, respectively.

Transmiltar Modue. Flashlamp Input energy is converted to 1.0-Wa= Q-
switched laser output pulses. The module comprises porro prisms, optical
p omping awity, vertical and horizontal transfer prism, reardatibn plate,
dielectric polurier, pookels cell electro-optical switch, foldng mirror, and
widebend output filter assemblies mounted to the optical bed. Trasmitter
module oompmsets, arranged to show the beam path, are llustral in
Figure 64.

C uncodt s. CV tin We Oule touido oulput sigals for 0ynom
nizing the laser system:u psmomeflsap trwer pVMS-Iformoo s 1
networ * wp, aid podkels oell trlw.r In a dion t he
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signals, six switches are provided to allow the input of any of the band I or 11
pulse repetition frequency (PRF) codes at defined In Reference 11.

Hannm Receiver M.g ul. Optical elements and circuits in this module receive
and detect reflected 1.064-pmi energy and provide essentially two signal out-
puts. The first signal is generated when near scattered output beam energy
from the transmitter pulse is detected. The second signal is received from the
target as tranmitter energy and is reflected in the direction of the receiver.
A 1.064-jm narrow-bmndpas filter, Was, blding mirror, field stop aperture.

1 IINTEROPRABILITY OF LASER GUIDED WEAPONS SYSTOIS, Memorandum for the Assis-
tant Secretaries of the Military Departments (Research and Development),
28 April 1973 (CONFIDENTIAL).
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and silicone avalanche detector constitute the optical elements. The folding
mirror and field stop are on movable mounts to allow for alignment of the re-
ceiver optic axis with the transmitted beam axis.

Range Counter Module. In this module, a 29-MHz clock is started by the sig-
nal generated by near scattered output beam energy and is stopped by the sub-
sequent reception of the target signal from the range receiver module. Addi-
tional circuits are included in the counter complementary metal oxide semi-
conductor (CMOS) logic to provide range data for the target that is received
last before the maximum permissible range return (9.995 km). The output
data format is 13-bit serial at 5 V.

Main Frame Module. All modules of the laser system, except for the encoder
module, are attached to the main frame. Subassemblies considered to be a
part of this module are, with their functions, as follows:

* Cooling pump and reservoir: provides cooling to the pump cavity
* Transmitter ollimatinm scone: reduces the laser raw beam from

nearly 2.0 to 0.2 mrad
0 Boresight aliznment mirror: provides a reflective surface perpendicu-

lar to the laser output beam axis to within 0 .25 mrad

* Main interface connector and wiring harness: provides for external
electrical interface and interconnection of all laser modules, except
for the encoder module (the encoder is part of the external, off-

platform wiring
* Main frame cover assembly: provides a sealed enclosure for the trans-

mitter module when it is mounted to the main frame, a mounting for
the 600-Vdo receiver bias power supply, and a mounting for the

battery module

Poekels Cell Driver Module. This module contains an avalanche transistor

circuit hat generates a fast-rue, high-voltage trigger to actuate the electro-
optic uwboh In the trwnmtter module. It reoeives 300 Vdo from the power
upply module and triggers from the encoder module.
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lahlam Triner Module. The flashlamp trigger module contains a silicon-

controlled-reotIfier (SCR) capacitor discharge circuit that provides a 7-kV

pulse to Ionize the flashlamp gas. This Ionization begins the pseudosimmer

mode before the discharge of the pulse-forming network (PFN) energy. A
250-Vdc input from the power supply module and a trigger signal from the en-

coder module provide for the operation of this circuit.

In addition to the nine modules, a laser boresight target and a vertical gyro

perform important functions as described in the following paragraphs.

Boresight Target. A laser boresight target Is used to align the autotracker

with the laser beam. The target comprises a target board (FIgures 65 and 66)
and a power supply. The target presented by the board Is similar to the dis-

play shown on the sensor operator's TV monitor In the GCS. When the sensor
is pointed at the target,. the target Image is, in effect, superimposed on the

crosesbair and tracker gate display shown on the monitor. The boresight target

is set up 1,000 ft away from the sensor. The sensor can be controlled either
by the GCS or by a sensor checkout controller interconnected with the sensor

and a TV monitor. The sensor checkout controller, or POISE test box, is
described In Peference 12.

The sensor Is first slewed onto the targt and the autotracker is turned on.

The laser Is then fired. When the laser is fred, the beam should bit in the
middle of the tracker gate; If it does, the taget board flashes in a manner that

Indicates a properly aligned beam. If the beam hits off center, the target board
flashes to Indicate which qadrant was hit., The azimuth and elevation screws

on the sensor (FIgure 62) are adjusted in the direction of the quadrant that was

hit, which lectronically moves the croashairs and target gate to the laser spot.
As this occurs, the autotracker error signals transmitted to the sensor gimbal

12A(qaA P8OIS1 11Wid CME T AND XAITZIUICI *AWAL FO0 Y01165501 AD
YGlI65CO, IonervU Aviomcae Dviatong Minneapolis, Minnesota, April 1977.
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Figure 65. Laser Boresight Target Figure 66. Laser Boresight Target,
Front Cover Removed

system cause the gimbals to move, bringing the laser beam to the center of the

tracker gate; The laser is then fired again, and the process is repeated until

a proper indication is- received from the target board.

So that the target board can Indicate where it Is being struck by the laser beam,

five laser energy detectors are located within the board, one in each quadrant

and one in the center. Those within the quadranti are each located within a

laser-energy diffusing material, and each is connected to a rotating disk. When

the laser strikes a particular quadrant, the laser energy diffuses within the

material so that it may be sensed by the detector. Once sensed, the detector

causes the disk within the quadrant to rotate 90 deg back and forth, so that it

flashes black then white at a 1-sec rate. This flashing is easily seen on the

TV monitor and the azimuth and elevation controls can be adjusted accordingly.

If the laser hits the boundary between two quadrants, the disks in both quad-

rantis flash again at a 1-sec rate. If the beam hits the center of the target, the

161



detector in the center of the target causes all four disks to rotate at a 1-sec

rate, the indication of a properly boresighted laser beam. If the beam hits the

center of the target but is too wide and spills over to one of the four quadrants,

all four disks will rotate at a 4-sec rate. If this occurs, the sensor is faulty

and must be returned to the factory for repair.

Vertical Gyro. The vertical gyro (Courter Inc. P/N 18-1883), attached to the

top of the laser sensor as shown in Figure 61, detects the pitch and roll axes

of the sensor relative to the local vertical. This allows the position of the tar-

get to be determined in universal transverse mercator (UTM) coordinates.

The 28 Vdc, 12 W, 2.5 lb gyro is controlled by two commands: a cage com-

mand and an erect command. The cage command is wired into the sensor con-

trol panel MECH CAGE switch. The mechanical caging system constrains the

gyro gimbals and is utilized for gyro protection during launch and recovery.

When the gyro is uncaged, the erection circuits are energized and the gyro

spin axis is torqued to the dynamic vertical. The dynamic vertical is coinci-

dent (approximately) with the lift vector which approaches the true vertical for

straight unaccelerated flight. The erection circuit is disabled when the gyro

senses a roll angle greater than 5 deg. This threshold allows the erection to

be active during normal flight conditions but not during sustained turns. When

the erection is inhibited, the gyro spin axis drifts approximately 0.5 deg per

minute.

During normal loiter the RPV turns in the same direction as the gyro spins.

Under these conditions the gimbal friction tends to keep the gyro erect to the

true vertical, and the gyro drift tends to be reduced.

During periods of extended turns and/or loiter, the vertical gyro spin axis will

drift from the true vertical and can generate a significant targeting error.
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3.5.2 System Targeting Performance

The sensor flight test program was run from May to July In 1977 at Fort
Huachuca, Arizona. Aircraft characteristics were exercised and tested, as
well as GCS functions of launch, recovery, data link, and navigation. A
limited sensor evaluation program was included that used military vehicles
set up as road and field targets at predetermined target locations on the eastern
test range. The operators were cued as to target location to permit assess-
ment of the maximum hardware capability.

The primary purpose of the flights was to determine the readiness of the sys-
tem to perform target surveillance, reconnaissance, acquisition, location, and
designation in accordance with design capabilities. Consequently the sensor
and RPV operators were cued as to target location. Heavy emphasis was placed
on operating the more sophisticated sensor types. In fact, of the 33 flights in
this series, 18 were made with Phase IV and V sensors. The selected targets
were:

" Loecation 48: usually a large truck situated crosswise In the road
" I-acation of the tank mockup
" Location apex, pole 33: a small truck supporting a large board tar-

get, specifically used for laser scoring and burst offset

The sensor testing is more thoroughly described in Reference 13 and in Vol-
ume II~I of this report.

Table 14 lists the test results of the sensor test program. The measurements
are indicated in the large boxes, with the specifications in the small boxes.
With the possible exception of Phases IV and V data, consistent data are insuf-
ficient for statistical evaluation. Target location data taken with the sensor
for Phases IV and V during flight 65 were sufficiently consistent for a reason-
able average to be obtained.

13AQIILA RPY SYSTEM TEST REPORT, CDRL AOOD, PART 12, SENSOR -- MISSION AND
SYSTE14 VALIDATION, LMSC-L028081, Lockheed Missiles and Space Company,
Inc., Sunnyvale, California, December 1977.
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3. 5. 2. 1 hase I Test Results. All the dynamic resolution measurements in
all phases fell short of the specifications. The Phase I sensor showed con-
siderable motion because of turbulence and the resulting airframe motion
coupling directly to the sensor. Another major source of aircraft motion
observed during the testing resulted when antenna polarization changes caused
cyclic errors in indicated RPV location. Automatically commanded correc-
tions produced a roll oscillation. The severity of this roll oscillation and the
significant efforts required to resolve it are discussed in Section 3.4.4.2,
Volume Ul of this report.

Other factors which can affect resolution are as follows:

* The measurements were nominally made at a 30-deg down look angle.
With this geometry the resolution target is fairly large and almost
fills the screen. This means that the smaller resolution elements are
usually observed at one edge of the screen. The measurement there-
fore represents edge resolution rather than center resolution. The
camera resolution varies from 450 TV lines/picture height in the
horizontal direction and 350 TV lines in the vertical direction, with a
degradation to 340 TV lines horizontal and 260 TV lines vertical in
three corners and the fourth corner to be greater than 300 TV lines
horizontal and 230 lines vertical. Hence, the resolution of the sys-
tem will not be as good at the edge as In the center.

* The measurements were made from tapes of the original video. Deg-
radation due to video data processing io possible.

e No automatic tracking is available on the Phase I sensor. This means
that the TV image is moving continuously, as the aircraft moves, and

* is therefore difficult to interpret. Stop-frame techniques were at-
tempted on the tape recorder to overcome this; however, this also
caused image degradation.

It therefore appears that the resolution values could Improve by more precisely
controlling the test conditions and by making the observations directly fromj the operator's TV comiol.
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Both target detection and recognition fell short of the specifications in the few

measurements made. There were two major reasons:

* Many of the Phase I data were taken at the beginning of the program

before any operator skill had been acquired.

e Considerable image motion made searching and identifying very

difficult.

The sensor field of view (FOV) can significantly affect detection and recognition

performance. If the FOV is too large, the image motion is not a problem, but

resolution of small objects is difficult. If the FOV is too small, the image

motion is excessive and consistent area search becomes impossible. Selecting

an optimum field of view (about 12 dog) gave the best compromise.

3.5.2.2 Phase II Test Results. The Phase II system embodies both a Phase I

unstabilized video camera and a panoramic photographic camera. The photo-

graphic camera performance is shown under dynamic resolution and is given as

24 line pairs/mm. The static resolution of this unit is rated at 75 line pairs/mm.

The image degradation has several contributing factors:

1. Focus precision of the camera.

2. High vibration causes image smear during the 1/2,000-sec shutter

time.

3. A gamma value of 1. 3 was used for processing. The gamma value

should be increased to 1. 6 to increase contrast and resolution.

No specification has been placed on the dynamic resolution of the camera. The

stated goal of 40 line pairs/mm could be achievable by concentration on 'he

above factors.

Target detection and recognition of the Phase II sensor are quoted as being

equal to those of Phase I because this part of the system is in fact a Phase I

video System.
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3.5.2. 3 Phase III Test Results. Dynamic resolution for this sensor was less
than the specified 300 TVL per picture height. The reasons for this are stated
previously in Section 3.5.2.1. The stabilized video camera performed con-
sistently in the Phase 111, IV, and V applications. Cons equently, the TV per-
formance is averaged for all stabilized sensors. Seventeen measurements of
target detection with the stabilized video produced a mean target detection dis-
tance of 4, 845 m for targets on a road. A maximum range of 8, 014 m was
achieved. This maximum was achieved with the wide field of view (12 deg).
The average range for targets in a field environment was 2,282 m, with a
maximum range of 3,371 m. The automatic tracking feature was also
demonstrated.

3.5.2.4 Phases IV and V Test Results. Target detection, recognition, and
tracking characteristics are the same as for Phase III.

While the burst offset functions were demonstrated - i.e., ranging, cursor
operation, and offset measurement - formulation/software errors were found
which precluded successful burst offset demonstration. Consequently, this
option was not available for contractor or Army evaluation, pending correction
of the identified anomalies.

As previously mentioned, the dynamic resolution remained less than the speci-
fication. This is fully explained in subsection 3.5.2.1.

Sensor stabilization is extremely difficult to measure in a moving vehicle.
Stabilization Is intended to compensate for aircraft pitch, roll, or yaw, but

does not compensate for the typical vertical buffeting which occurs. It Is

* almost impossible to separate this kind of vehicle motion from the sensor
motion since both contribute directly to the image motion of a distant scene.
When sensor stabilization In measured, the tracker cannot be used because It
immediately corrects for any sensor or vehicle motion. One flight (mnmber 64)
performed some low-altitude maneuvers with the sensor pointing straight ahead
and slightly down. An attempt was made to measure the sensor stabilization

167



by measuring the movement of the observed FOV center point on the target
over aperiod of aboutl10sec. This was estimatedto be 3to 4ft at arange of
between 6, 000 and 7, 000 ft. Obviously, therefore, the stabilization is better
than this if it equates to about 500 IArad. ft is impossible to Indicate how much
better without performing some more specialized flights. The sensor itself
is known to have a passive stabilization of 30 prad. Most of the Image motion
observed in this test is therefore probably due to normal aircraft motion.

Laser range was measured at every firing and varied from 1, 531 to 3,770 m.
The accuracy of this measurement Is defined by pulse width and rise time of
the laser pulse, as well as the digital word quantization. Range accuracy of
the laser system is :k5 m. Again, this accuracy could not be confirmed by the
tests because of the relatively low measurement accuracy for location of the
RPV and target. The best agreement between laser-measured range and com-

puted range was 18 m.

Target location accuracy was evaluated during flight 65. Twenty-six separate
target locations were accomplished, indicating a location CEP of 253 m
against a specification of 100 m. The mean altitude error determined was
71 m. Three of the target sightings yielded unexplained anomalies in the data,
including large laser ranging errors (see Volume Ill, Appendix E). if these
data are considered as nonrepresentative, a location CEP of 135 m. and a mean
altitude error of 56 m are indicated.

laser designation at 20 pps was performed several times during flight 65. Ibis
was made against. a scoring target, which consisted of a large black board about
24 ft square wit a 2.3-m. white square in the center. A designation pass was
selected in which the laser range was consistently greater than 3 kin, and the
scoring data were analyzed by observing the individual hits over a 20-sec fir-
ing period. It was apparent that the center of the laser beam was offset by
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I
about 2 m in the upper right-hand side of the white target. This could have

been caused by a combination of several effects:

* Boresight error

* Tracking offset

* Dome distortion

The total distribution of hits was observed by using the actual laser beam cen-

ter and counting the hits Inside a 2.3-m-diameter circle around this point.

Some hit observations may have been lost when they landed on the black back-

ground, which made counting difficult. However, all observed hits were within

the 2.3-m circle. The approximate distribution was found to be 60 percent

within a 1-m circle, 30 percent within the 2-m ring, and 10 percent in the re-

maining 0.3-rm ring.

It

16,



Section IV
DATA LINK

The data-link system provides for the command, control, and transfer of data

between the RPV and ground control station (GCS). The data-link system

consists of the RPV airborne data-link subsystem and the GCS data-link sub-

system. The block diagram of the total system is shown in Figure 67.

4.1 GENERAL DESCRIPTION

The data link operates as a duplex link providing for simultaneous and con-

tinuous two-way communication between the RPV and GCS. The command

link (uplink) operates at 4. 861 Glfz and provides command and control of the

RPV from the GCS. The video/telemetry link (downlink) operates at 4.530

GHz and provides RPV status Information and sensor data to the GCS. In

addition to the two-way communication function, the data link also provides

for locating the RPV in real time.

4.1.1 Command Link

The command link, or uplink, provides command and control data to the RPV

flight controls and payload sensor controls. The flight control commands are

generated by the GCS computer; the sensor control signals are provided by

the sensor operator through the sensor control panel. These command and

control signals are serially encoded into digital words by the encoder. The

digital data are then used to phase-modulate a 117-kHz subcarrier modulated

with an 11-bit Barker Code. This coding technique provides protection against

inadvertent friendly interference. The suboarrier encoded with data is fed to

the command transmitter, which is used to frequency-modulate the 4. 861-0Hz
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carrier. The signal is then transmitted through the GCStracktng antenna to

the RPV. The RPV receives the command signal through the aft-mounted

antenna; this signal is fed to the command receiver, where the FM signal is

detected. The received digital bit stream output is fed to the decoder in the

flight control package. In the decoder, the commands are sorted out and

channeled to the various RPV and sensor controls.
0

4.1.2 video/relemetry Link

The video/telemetry link, or downlink, provides sensor data and RPV status

Information to the GCS. The sensor video data are contained on a wideband

data channel with capacity to accommodate a conventional TV picture. The

video sensor data are fed directly to the video transmitter. The telemetry

and status data are Input to the encoder board in the flight control electronics

package, where the data are encoded to a serial digital bit stream. The digi-

tized data are used to phase-modulat the 11-bit Barker Code. The phase-

modulated coded signal is then fed to the video/telemetry transmitter. Both

the sensor video data and telemetry data are combined in the transmitter by

using the encoded telemetry data to frequency-modulate a 6. 5-MHz subcarrier,

which is added as a sideband of the 4.530-GHz carrier. The sensor video

data directly frequency-modulate the 4.530-GHz carrier.

The suboarrier with the telemetry data and the video-modulated carrier are

transmitted out of the top, forward-mounted, RPV antenna down to the GCS

tracking antenna. The GCS tracking antenna tracks the RPV in azimuth by

comparing the rf signal strength of a left beam and right beam generated by

the rf network mounted behind the parabolic dish. The receiver video/telem-

etry data are detected and separated at the 005 video/telemetry receiver.

The output of the video signal s mixed with computer-generated alphanumerios

and connected to the TV monitor. The telemetry data are fed into the decoder,

where the serial digital data are decoded for display ad recording.
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4.1.3 Requirements and Capabilities

4.1.3.1 Ranc. The data link is required to provide a reliable two-way com-

munication link between the RPV and GCS over its operational envelope of

20-km range and from 2,000-ft to 10,000-ft above-ground-level (AGL) altitude.

Table 15 shows both the uplink and downlink values for an operating range of

20 km and an altitude of 2,000 ft AGL. The command uplink, as shown in the

table, has 15 dB of fade margin; with a 0-dB margin, the command link will

operate with a 0.99 reliability at a line-of-sight range of 20 kn. The video/

telemetry downlink has a 12-dB fade margin; the link will close with 0.95 reli-

ability at a line-of-sight range of 20 km.

TABLE 15. DATA-LINK VALUES FOR 20-KM RANGE
AND 2,000-FT AGL ALTITUDE

Item Value

UPLIN

Command Transmitter Power (10 W) +40 dBm
Transmit Antenna Gain 24 dBI

Space Loss (20 kin) -133 dB

Airborne Receive Antenna Gain (2o) -10 dBi

Receiver Sensitivity -(-94) dBm

Fade Margin +15 dB

DOWNLMK

Video Transmitter Power (10 W) +40 dBm

Transmit Antenna Gain (20) -7 dBi

teace Loss (20 kin) -133 dB
Ground Receive Antenna Gain 24 dBi

Receiver Sensitivity -(-81-dBm

Fade Margin jd
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However, within the RPV operation envelope, the maximum range of 20 km

is not the weakest area of closure for the data link. Figures 68 and 69 show

the overlay of the ground-station tracking-antenna elevation coverage versus

range and altitude with 0-dB fade margin. As shown, the uplink had adequate

coverage over the total RPV operational envelope. For the downlink, how-

ever, at 16 to 19 km and altitudes above 2,286 m AGL, the reliability of

downlink closure falls to 0.75. This is caused by a tradeoff on minimizing

the tracking problem of the GCO antenna and elevation coverage. As shown

In Figure 69, the peak of the low-gain antenna Is pointed at an elevation angle

of 30 deg. From the standpoint of coverage, the antenna should be pointed at

+15 deg, but because of multipath problems the antenna tracking in severely

degraded. Therefore, the elevation beam on the antenna was set at 30 deg

and the degradation in downlink coverage was accepted.

HIGH GAIN LOW GAIN

TRANS. POWER (DBM) = 40.00 40.00
TRANS. ANT. GAIN (DBI) = 24.00 13.60
RCV. ANT. GAIN (061) - -9.75 -9.75
RCV. SENS. (DOM) = -94.00 -94.00
POL. LOSS (DB) = 0.00 3.00
FREQ. (GHz) 4.861 4.861

30,000

20,000

10,000 LOW
7GAIN HIGH GAIN

0 I
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

DOWNRANGE DISTANCE (KM)

Figure 68. Range and Coverage of Command Link
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HIGH GAIN LOW GAIN
TRANS. POWER (DBM) = 40.00 40.00
TRANS. ANT. GAIN (DBI) = -7.25 -7.25
RCV. ANT. GAIN (DBI) = 24.00 13.60
RCV. SENS. (DBM) = -88.00 -88.00
POL. LOSS (DB) = 0.00 3.00",18 FREQ. (GHz) = 4.530 4.530

LU 12 -

2 6,
<6. LOW GAINj HIGH GAIN

.u- 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
-Z DOWNRANGE DISTANCE (KM)

Figure 69. Range and Coverage of Video/Telemetry Link

4.1.3.2 Uplink Format. The data link is required to provide command and

control data to the RPV. This is accomplished by transmitting a command

digital bit stream at approximately 10 frames/sec. Each frame consists of

32 8-bit words. These command words provide for:

0 Frame sync 2 words

0 Analog commands 9 words

* Discrete commands 5 words

* Ground Status 6 words

* Undefined 10 words

TOTAL 32 words

A breakdown of the use of each word is shown in Table 16. The undefined

words are unused and no hardware i provided for these words.

4.1.3.3 Downlink Format. The data link is required to provide Information

about the RPV and payload. This is acoomplished, as In the command link,

by transmission of digital data at approximately 10 frames/sec. Each frame

oonsnts of 32 8-bit words. These 32 status words are as follows:
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e F. ame sync 2 words

* Analog data 22 words

* Discrete data 4 words

e Serial data 4 words

TOTAL 32 words

The telemetry assignments are listed in Table 17.

4.1.3.4 RPV Location. The data link is required to provide RPV location

data in real time. These data are obtained from azimuth-angle and range

outputs of the GCS tracking antenna. The range is obtained by measuring

the round-trip time delay of the data code transmitted from the GCS through

the command link to the RPV and back from the RPV through the status link.

The respective accuracies of the system are 1 mrad and 20 m.

4.2 AIRBORNE DATA-LINK SUBSYSTEM

The airborne data-link element consists of: (1) command receiving antenna;

(2) command receiver; (3) decoder/encoder/bit synchronizer; (4) video/
telemetry transmitter antenna; and (5) video/telemetry transmitter. The
characteristics of these data-link elements are shown ir Figure 70. The size,

weight, and power input are summarized in Table 18.

The connections between the receiver and antenna and between the transmitter

and antenna are made through semirigid coaxial cables with an outside diameter

of 0.141 in.

Constraints were placed on size, weight, and location of the various airborne

data-link elements. The location and type of tasmittin and receiving
antennas were dictated by the requirement to provide data-link coverage over

all phases of RPV operation. Both the transmitting and receiving antennas
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we -

RECEIVING ANTENNA

ANTENNA

Figure 70. Location of Components in Airborne Data Link

TABLE 18. AIRBORNE DATA-j.ANK ELEMENTS

Size (in.) Weight (lb) Power (W)

Command Receiver 2 X1.6 x 0.4 0.1 N/A
Antenna

Command Receiver 4x 3 x2 3 5
Decoder/Encoder 6 x 7 (3. ardsu) 0.4 7
Video/Telemetry x 1.6x0.4 0.1 N/A
Transmitter Antenna

Video/Telemetry 6x Ox 1.5 5 140
Transmitter
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are vertical sleeve dipoles at locations that produce minimum blockage be-

tween the RPV line of sight with the GCS. Antenna patterns of the transmit-

ting and receiving antennas are shown in Figures 71 and 72. The gain of

both antennas varies between +2 and -12 dBi, depending on azimuth look

angles.

The transmitter is a solid state G-baad transmitter, which is a version of a

standard G-band unit designed by AACOM, Inc., a division of Systron Donnor.

A summary of the performance is:

* Center frequency 4,530k 2.2 MHz

* Power output 10 W

* Subcarrier output -20 dBc

e Video modulation input Standard CCIR405

0 Telemetry modulation input 2 V pulse to pulse

* Power dissipation 130 W
* Maximum allowable baseplate temperature +800C

To accommodate the high power-dissipation requirements of the transmitter,

cooling fins are mounted on the top of the transmitter, and air ducts are de-

signed into the RPV structure to provide cooling air flow.

The command receiver is a superheterodyne solid state receiver manufactured

by AACOM, Inc. The receiver performance is:

a Center frequency 4,861 MHz

* RF bandwidth 2.5 MHz

* Receiver noise figure 11 dB

e Detected signal output sensitivity 6 mV/kHz

e AGC output 0 to 2 Vdc

The minimum received rf signal input required to obtain command data lock is

-94 dBm.

187



21W 200* 190 * 1 16(r w3
ISO* 16t 170, 18 9V0 200, 210*

I M- A 7 S

0.

110

2W --



210 2W0 19V * 7& 160 1W
f1w16 170 1 80 i901 20w Poo

'I5DGCNCU

Vb

14Vn YA2.AN CUTin EeZve t2n Pu

+15-DG CONC1CU



The decoder/encoder is required to decode the commands and encode the RPV

status. The decoder provides for decoding the analog plus discrete flight and

payload control functions. A bit synchronizer is incorporated to synchronize

the command data and provide clock to the status data encoder. This synchroni-

zation provides for interference immunity and ranging functions. The encoder

provides for encoding the analog plus discrete flight control and payload

statuses.

The encoder/decoder is packaged on three printed circuit boards and housed

in the flight control electronics package. This provides for a saving in volume

and weight.

4.3 GCS DATA-LINK SUBSYSTEM

The GCS data-link subsystem consists of: (1) command transmitter, (2) track-

ing antenna pedestal assembly, (3) antenna control unit, (4) video/telemetry

receiver, (5) radome, and (6) encoder/decoder. A block diagram of the sub-

system is shown in Figure 73, The tracking antenna pedestal assembly is a

one-axis azimuth tracker. The antenna tracks the received video/telemetry

signal from the RPV. Since the antenna tracks in azimuth only, a dual antenna

system (high-gain and low-gain antennas) is employed to provide the required

gain and elevation coverage. The high-gain antenna comprises a pair of verti-

cal dipoles feeding a 2-ft parabolic reflector; this antenna has a gain of 24 dBi

and a 7-deg half-power beamwidth. The low-gain antenna is a horizontal lin-

ear array of four helical antennas. The array gain is +13 dBi with a half-

power beamwidth of 15 deg in azimuth and 90 deg in elevation. Selection be-

tween the high-gain and low-gain antennas is controlled by the GCS computer

through a pair of electromechanical rf relays.

The tracking Information is obtained by monopulse tracking techniques. The

left and right antenna-feed received signals are phase-compared in the scan

converter, forming a sum and difference antenna pattern. A solid state phase

shifter in the differnce signal line is modulated at approximately 800 Hz.
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The phase-modulated difference signal is then added back to the sum signal

through a 12-dB directional coupler. The output of the scan converter is the

received video/telemetry signal, amplitude-modulated with the direction of

arrival information in the form of an error-off boresight. This information

is separated in the video/telemetry receiver and processed In the antenna

controller unit. The processed error signal is used in a second-order servo

loop. The command transmitter uses the tracking antenna for transmitting

also. This is accomplished by combining both signals in a diplexer, which

provides 60 dB of isolation between transmit and receive signals. The GCS

data-link subsystem provides for a prelaunch data-link integrity test. This

is accomplished by switching in 50 dB of attenuation at the antenna - which

simulates a 20 -km range for both the uplink and the downlink.

The Installation of the data-link subsystem in the GCS is shown in Figure 74.

The antenna feed networks, preamplifiers, calibration networks, and command

ANTENNA
CONTROL
UNIT

PEDESTAL ASSEMBLY

RECEIVER

(1 PRINTED CIRCUIT CARD
HOUSED IN EIU)

FIgure 74. IzwtlatcA of 001 Data-Link Subsystem
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transmitter are mounted on the antenna pedestal assembly. This was done to

minimize the rf transmission losses and to hold the rf rotary joint requirement

to one. A blower is provided at the base of the pedestal to supply cooling air

for the transmitter. The azimuth angle of the tracking antenna Is provided by

the shaft encoder, which has a 14-bit digital output. The antenna pedestal

assembly is removable from the GCS to provide height clearance during trans-

port of the GCS.

Size, weight, and power requirements are summarized in Table 19.

TABLE 19. CS DATA-LINK ELEMENTS

Item Size (in.) Weight flb) Power M

Antenna Pedestal 42 H x 24 x 24 86 5

Antenna Control Unit 19 rack x 7 15 100

Command Transmitter 6 x 6 x 1.5 3 140

Video/Telemetry Receiver 19 rack x 5 10 20

Radome 27 diam. x 26 H 3 N/A

Encoder/Deoder 9 x 7 printed 0.75 7
circuit board

The radoms is a one-plec. epwy fiberglass hemisphere/cylinder. The ra-

dome provides protecon of the tracking antenna from the elements. It In of

electrically thin wall construotion providing for low rf transmission loss and

negligible borsiht distortion. The radome Is attached to the GCS by a

Marmon retaning band at the bass, providing easy access to the antenna ped-

estal assembly.

The GCS data-link subsystem requirements are determined from the data sys-
tem reqm.rements described in suboection 4. 1. 8. To olose the link at over the

20-ma-downrange and 10, 000-ft-AGL RPV operating envelops, the groumd sta-

tion _lmp Ud a high- in and low-gain anten tacking station. Switching
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between the high-gain and low-gain antennas is controlled by the GCS comput-

er, which calculates the elevation angle from the slant range data and the RPV

telemetry data on RPV altitude. The switching occurs at 10. 5 deg, where the

effective gains of the two systems are equal (11 dB). When the RPV is deter-

mined to be above 10.5 deg, the low-gain antenna is used; below 10.5 deg, the

high-gain antenna is used. Precision tracking of the RPV is performed with

the high-gain antenna. The low-gain antenna, with its wide beamwidth, is

susceptible to multipath transmission phenomena, which results in a noisy

tracking signal. To provide adequate coverage and sensitivity for the downlink,

preamplifiers are installed close to the antenna feeds - which results in a 4-dB

receiver system. The major parameters of the GCS data-link elements are:

" Antenna gain

- High 24 dBi

- Low 13 dBi

" Half-Power Beamwidth

- Azimuth, High 7 deg

- Azimuth, Low 15 deg

- Elevation, High -0.5 deg to +6.5 deg

- Elevation, Low -15 deg to +65 deg

0 Tracking Antenna, Slew Rate 100 deg/sec

* Tracking Antenna, Acceleration 150 deg/sec2

* Tracking Antenna Accuracy

- High 1 mrad

- Low 10 mrad

* Tracking Azimuth Angle Resolution 0. 2 mrad

* Boresight Alignment at 10. 5-deg Elevation
(between high- and low-gain antennas) I dog

* Receiver Noise 4 dB

* Receiver Sensitivity at Antenna Feed Point
- Telemetry Look -8 dBm

- Video -85 dBm

" Command Transmitter Power Ou~ft 10 W
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Since the tracking antenna system operates in an uncontrolled environment,

several user-oriented problems have been experienced in the field. These

problems are associated with sidelobes of the tracking antenna system. Fig-

ure 75 shows the high-gain antenna pattern as a function of azimuth. As

Indicated, the first stable tracking sidelobe is down 16 dB. Other sidelobes

are at 17.5 deg with the gain down 19 dB and 30 deg with the gain down 27 dB.

The sidelobe In itself is not a problem. When the tracking antenna is track-

ing on the main beam initially and no loss of signal occurs, the antenna will

stay in the main beam. At launch with the RPV on the launcher, however,

the tracking antenna does not always track the RPV. The reason is the num-

ber of reflective objects close to the RPV. The tracking does not differentiate

these reflective sources from the RPV direct radiation. The tracker vecto-

rially sums all sources of radiation and tracks a virtual source, where the

sum of the signals yields zero error signals. At 4.5 GHz, a wavelength is

0

BORESIGHT

10-

~IST SIDELOB&E

_ ST SIELOIE

i 20 2ND2
-SIDELOBESDEO

~30 i
, MAIN BEAM

CAPTUREANL

20 15 10 5 0 5 10 15 20
~ANGLE (DEG)

Figure 75. High-Gain Tracking Antwna, Gain Versus Azimuth Angle
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approximately 6 cm; therefore, any small displacement of any reflectve

object will alter the position of the virtual source.

This, then, introduces a sidelobe problem, since no assurance has been pro-

vided to maintain the tracker on the main beam at launch. Procedures have

been Introduced to minimize the sidelobe problem. With the many launcher

configurations (relative position of the launcher and other reflective sources),

however, the problem has not been eliminated. The sidelobe problem does

not exist when the RPV is out past 8 kin, since the sidelobes are down 16 dB.
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Section V

GROUND SUPPORT SYSTEM

The Aquila ground support system (GSS) consists of all the ground-based ele-

ments of the RPV system. These elements include:

" Ground control station (GCS) (truck mounted)

0 Launcher (truck mounted)

" Retrieval system (trailer mounted)

* Electrical generators (trailer mounted)

" Ground support test and checkout equipment

The principal GSS elements are described in detail in the following paragraphs.

Additional information, including descriptive, operational, and maintenance

data are provided In Reference 14. Field testing of the GSS is discussed in

Reference 15.

5.1 088 INTERCONNECT

The GSS elements are interconnected by hardline cables providing power and

communications to the various elements. Figure 76 shows a plan view of the

system elements, and Table 20 lists the required external cabling by name,

part number, cable length, reference designation, connector part number,

locationand primary function. The reference numbers shown in the table cor-

respond to the reference numbers on Figure 76 and are used in the following

description of the system electrial Interoonnection.

14 I A MAUAL VOl AWIL RPV SYSTm TEC1NOLOGY DD STATO, voLKs 1,.
II, AND 11l, LUSC-D0586, Lockheed Missiles and Space Company, Inc.,
Sunnyvale, California, 10 A uust 1977.

15AWQUIA MIV SYSTEM TEST REPORT, CDRL AOOD, PART 8, RPV-GCS DEVELOPMENT
FLIGTS, LUSC-L028081, Lockheed Missiles and Space Company, Inc., Sunnyvale,
California, October 1977.
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The source of electrical power for all system operation is two GFE

(government-furnished equipment) 30-kW (minimum) generators; for redun-

dancy, either generator is capable of supplying all RPV-STD power require-

ments. Generator interconnect cables 1 and 2 permit load switching in the

event of generator failure. One generator, designated as primary, provides

three-phase ac power to the GCS via cable 3 for all functions except the GCS

air conditioner, which is supplied by the alternate (backup, but on line) gen-

erator via cable 5. Intercom and emergency alarm functions are provided to

the primary generator by means of the switch box through cable 4.

All power except the directly routed air conditioner power is controlled and

distributed through the GCS. Cable 6 carries three-phase power and intercom

and control functions to the lanch system. Cable 7 provides an extension of

150 ft if operations require a greater distance between the GCS and launcher.

At the launcher, harness assembly 12 routes power to the RPV blower, air

dryer, and RPV power supply. DC power from the RPV power supply is

directed to the RPV control box by cable 13 and then to the RPV umbilical

through cable 14.

Power for the retrieval system TV camera is supplied from the GCS by cable

8; extension cable 9 provides a 150-ft extension if required. Figure 76 shows

two such cables in use,which simplify cable switching If the camera requires

relocation due to a change in wind direction. Cable 15 I connected between

the recovery J-box and the TV camera.

Power for the Army-supplied assembly tent is provided throug cable 10.

Power from the tent J-box to the Army-supplied lighting assembly is via cable

16. If weather conditions warrant, cable 17 may be used to power an Army-

supplied air conditloner or heater (to oondition RPV air). This cable n be

coneoted I* either the launher or the tent J-b ass. Control of the 0CS air

conditioner Is via cable 11 leading to the air condition control box inside the
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5.2 GROUND CONTROL STATION

The truck-mounted GCS, shown in Figure 77, provides a central control facil-

ity for the Aquila system and interfaces with all elements of the RPV system

as shown in Figure 78. All RPV position, navigation, target location, and

artillery adjustment computations are performed by the computer in the GCS.

The GCS crew consists of two operators, the RPV operator and the sensor oper-

ator. Their positions are located at a control console that provides the man-

machine interface for the system and all necessary signal conditioning and rout-

ing. The RPV operator (left console position, Figure 77b) is responsible for

monitoring the various RPV systems and for providing guidance mode com-

mands. He maintains guidance control at all times with the exception of the

final phase of the recovery operation, during which he transfers control to the

sensor operator but retains override capability. His panel controls allow him

to choose among the computer-generated flight modes or to switch over to a

manual mode in which he generates vehicle heading rate, altitude, and air-

speed commands. His video monitor at all times displays the RPV sensor

video along with a heads-up display of RPV position, range time, and sensor

attitude. Mounted in the desk top In front of him is a control panel that allows

him to call up, review, and change data associated with the various program-

med waypoints.

The sensor operator (right console position, Figure 77b) commands and mon-

itors sensor operations throughout all program phases. He has a joystick

that slews the video line of sight, drives an on-screen cursor for locating

burst offsets from a target, and provides vehicle guidance correction oom-

mands during recovery. Be also has responsibility for operation of both the

video and digital magoe tape recorders.

The hea of the OCS is the central processing computer, with peripherals, and

an eleatroia interfsae unit (EIU) that routes data to and from the data link and

tracdW antnn, mt emrological sensors, communiations link, time code

202



a. GCS on M36 Truck

b. GOS Interior

Figure 77. Ground Control Station
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LAUNCH AND
RECOVERY

Figure 78. GCS Interfaces

generators, video recorders and monitors, x-y navigation plotters, control and
display panels, and power supplies. A functional block diagram of the UCS is
shown in Figure 79 and a cabling interconnect diagram is shown in Figure 80.

5. 2.1 Description

The following paragraphs descmibe each of the components of the UCB. The
various components are shown In Figure 81; the console assembly is detailed in
Figure 82. The console assembly ts described in the order of Figure 82; the
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remaining components are described in clockwise order from the console as

shown in Figure 81.

5.2. 1.1 Console Assembly. The console provides the man-machine Interface

for the system and houses the major electronic assemblies and displays and

controls.

Meteorological Panel. The meteorological panel, Figure 83, contains three

gages that display temperature in degrees Fahrenheit, wind direction in corn-

pass degrees, and wind speed in kilometers per hour. The meters are driven

by sensors mounted on a mast on the outside of the GCS. The information dis-

played is also digitized in the E1U and sent to the computer. The wind must be
less than 37 km/h crosswind to the launch direction before the RPV is launched.

The meteorological panel and associated masthead assembly are manufactured

by Signet Scientific. The rack-mounted panel is 19 in. wide, 5.25 in. high,

and 5.5 In. deep.

Antenna Control Panel. The antenna control panel, Figure 84, houses the elec-

tronics for the antenna assembly that is used to track the RPV. The electronics

consists of a demodulator generating an azimuth error voltage, which In tarn is

integrated and generates a rate command to the drive electronics. Tachometer

feedback is used to close the servo loop.

The control panel is operated in the manual mode for site Initialization and In
the automatic mode for flight. lb slew the antenna, the manual mode Is seleo-

ted. Slew direction Is controlled by the CCW/CW toggle switch and slew rate

from 0 to 30 dog/sec is controlk4. by the MANUAL RATE INCREASE potei-

ometer. During automatic traoking, the tracking antenna azimuth deviation

from initial orientation is indicated by the dital azimuth display and the trck-
Ing sm'v error in degrees Is displayed on the SERVO ERROR moter.

7e ants=& control panel and antem aasembly e mAu Wa ed by Zlectro
Mapetle Proesses, Mo. The rack-mounted panl Is 19 In. wide, 7 In. high,
aW 17 In. deep. 7be panel uses 4 Vdo at 0.5 A for the Uft-emlttg diode
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7b*

2 EERLGCLPNLW521 IE OIO EM1R

23 NEN OTO AE 233 3 AALN TTSPNL1374

34IE OIO EMIR 4 SNO OJO AE 6743
5 APITCMADSAU AE 6731 5 SNO ADCNRLPNL(576

56AULRGTCNRLPNL(5717 6 TS N 1 AE 4735

8 WAPITGIAC PNL(371 7 OE 6730

7 XY LOTE (1749 1 flEAIOIC 1NTEFAC UNT1473

I X-Y PRLOEI CONL PANEL 6377461 12 VO ITERF NIT ( 637732

4 IN-PLIGHT DIMAGNST PANEL (69M) 1D CENOPTR PROCEOR PNT 1657455
I5 INERCO PAGHNE RPNL (65775 16 PET5 110 PPL (1773 a

11 TELEMETRY RECEIVER PANEL (AR-400C-V) 22 IN-FLIGHT DIAGNOSTIC
ELECTRONICS ASSRALY iN951M

23 LASER SAFETY SWITCH (5W4224)
24 INVERTER (IOOFW1I-4-nI%

Figure 82. OCS Console Assembly Component
Identification and Loction
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Figure 84. Antenna Control Panel

(LED) displays and &15 Wde at 0. 12 A for the electronics. A 115-Vac Input at
0. 8 A is also required for generating + 30 Vdc for the drive electronics.

RPV Operator Video Monitor. 'The video monitor contains thie controls and Indi-
cations for video adjustments during the mission. The RPV operator'Is video
monitor displays the redl-time video received from the RPV. Superimposed on
this video display are whit, alphanumerics on a black background generated
from the vertical and horizontal video synchronization pules and oojm I cm
made from both ground information and 1tPV stiatus dat. These a51mmuc
include time of day, RPV location In universal transverse meroator (IM
northing and easting coordinates, line-of-sight direction and depressom &ege
of the RPV sensor, and, with a lasr designator, the location of She target fh

UTM coordinates and the heigh of the RPV above the target. Also, a bkf
stall Indication ts dsplaye on the video monitor whenever the sirspeed of S
EPV Is Indicatedf below 74 km/h. Figure 85 shows the video 1Ibe Wi e *

appoxiatelocation of the alphanumerics.
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igure 85. Video Monitor Pawel (RPV Video Format)

7he video monitor Is a completely solid state low-cost monitor utilizing a 14-
In. plcture tube with a 3:4 aspect ratio. Man11ac1ured by Eleotrohome, the
monitor Is designed to fit a standard 19-1n, rack with. a panel height of 12. 25 in.
and a depth of 11. 5 In. The mi consumes 40 W at 115 Vac and weighs 39 1b.

Wmayuin Command Shtu. Pmnl. While the RPV is operating In the waypoint
guidance mode, mission status Is displayed on the waypoint command status
pael, Figure 86. The waypoint that the 1RPV Is approaching is Indicated on a
tmo-dftt display. Presen altitude command in meters, airspeed command In
kilometers per hour, and mission time are also displayed.

This pael deulod and ftbrlcated by LMSC, contins the only LED displays
mmd liekce directl with Ow 3111 via parallel digital data In a binary code
display (BCD) format and -stz ches pulses. - 7 rack-mounted unit is 19 In. wide,
1. 7In. US, and 4tn. deep.

MM.l Oft cegaro Pena. 1 7e mamal M&l control panel, Figure 87. con-
tww eo ncanuh aed fnia or a preannob checkout, launch altitude cam-
trel, aispeed .1k~, nmm tri m d heading cotol, flight mode selectn
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Figure 86. Waypolnt Command Mtaus Panel
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Figure 87. Manual Fligh Control Panel

mission abort a&d engine kill, onboard operating conditions, and command

response errors . For prelanch operations, the SELF TEST switch checks the
system for launch. it the low alternator outpat (below 24 Vdo) and fauel Indica-
tors (below apoitey 2 Ib) and the high engine temperatre IndicatOr

owe 380- F) are off and the engine speed meUt indicates svffciut rpm. the
PUSH TO LAUNCH button (if lit) MY be Pressed to launch the vehicle

The AUTO/MANUAL pushbutton switch selects either computer guidance (auto-
matlo) or mama. control. if automatic control is selected, the guidance mode
is seleted by pressing the WAYPoINT, LOITER, SMARCH, or DEAD

tRECKON jxusbb*=in.

UPi' altitude in meters am! aitspeed In kilometers per hour ane dlspWWe on

panel meters in an mode. of oontro no%*t the dead reoin mode whenj 213



downlink data are not present. If an error in altitude (> 30 m), flightpath

position (right or left > *100 m), or airspeed (> 5 km/h) is detected during

automatic mode, an amber error indicator is activated.

Manual control is effected by pressing the AUTO/MANUAL pushbutton. Altitude

and airspeed are adjusted by thumbwheels adjacent to the corresponding panel

meters. RPV heading is displayed on a three-digit panel indicator and is

obanged by rotating a trim control clockwise or counterclockwise in conjunction

with the rate command, which is controlled by a six-position rotary switch.

The six positions indicate zero turn rate, one and two standard rate turns

(right or left), and manual rate selection.

This panel, designed and fabricated by LMSC, contains only the controls and

indications and interfaces directly with the EWu via two cables. The rack-

mounted unit is 19 in. wide, 8.75 in. high, and 8 in. deep.

Waypoint Guidanoe Panel. The waypoint guidance panel, FIgure 88, displays

UTM ooordinates, altitude, and airspeed for each waypoint which can be entered

through the waypoint guidance panel keyboard or the teletype. In addition, UTM

coordinates may be entered directly from the No. 1 X-Y plotter by depressing

WAYPON? PftZVIMW

NORTHINO

AJRWPUD 0 )C

Figure 8. Waypot Guidae Pael
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the PLOTTER/KEYBOARD pushbutton. As the digits are selected on the key-

board, they are displayed on the five-digit preview display. Corrections to the

display are made by pressing the CLEAR key and entering the correct data.

The waypoint number Is selected first and previewed. When correct, the

ENTER pushbutton adjacent to the WAYPOINT indicator is pressed and the way-

point number appears on the two-digit display. Easting and northing coordinates

in meters are selected in the same manner and indicated on five-digit displays.

Altitude in meters is selected and indicated on a four-digit display, and air-

speed in kilometers per hour Is selected and indicated on a three-digit display.

The step key is used to select the next waypoint register.

This unit, designed and fabricated by LMSC, contains only the controls and

indications and interfaces directly with the computer processing unit (CPU).

The Interface electronics are housed on a card in the CPU and furnish par-

allel data In a BCD format with strobe lines as the interface to the waypoint

guidance panel. The unit is recessed below the top of desk top and occupies

approximately 240 in. 3.

X-Y Plotters, The GCS console contains two X-Y plotters (Figure 89), which

are used to display the navigational flightpath of the RPV. During the preflight

checkout of the GCS, operational maps are placed on the X-Y plotters. During

Initialization, the coordinates of the four corners of the map are entered into

the CPU via the teletype. Waypoints can also be entered via the plotters.

During flight, the X-Y plotters will plot the ightp* of the RPV. The imple-

mentation of two plotters allows use of maps with different scales or adjacent

maps with the same scale.

Analog voltages corresponding to the pen position are fed to the EIU, digitUzed,

and supplied to the CPU. X and Y digital drive signals are derived in the CPU,

converted to analog In the EIU," and fed to the plotters.

The X-Y plotters, I o by Hewlett Packard, have a nominal 11-in, by

17-In, active plotting surface. They are constructed of a one-piece aluminum
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F~gure 89. X-Y Platter

casting mainframe, and equipped with an autogrip paper holidown system, and
a quckchng disposable pen. The plotters consume 130 W at 115 Vac, are
19 in. wide by 14 In. high by 6. 5 In, Ldeep, rack momtable, and weigh 29 lb
each.

X-Y Plotter Control Panel. 7Me X-Y plotter control panel, Figure 90, controls
the paper bolddlown system, the servo drive signls, and the recorder left
position of Ohe pen for each ploter. The &ak-uat panel, designed and
mbItsd by LMISC, is 19 in. wide and 1. 5 Ia. high.

MA SWOM mmcmb i - VLpMm - XM. S UD 0 =MR OK m7

Figure 90. X-Y PlIte Control Panel
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n-Fligt Dilagnostic Panel. The In-flight diagnostic panel, Figure 91, contains

LED Indicators that show flight control mode commands being sent from the

GCS to the RPV, the command mode status within the RPV, data-link status,

and the gain selected n the GCS tracking antenna. The panel also contains

controls for testing and resetting LED displays and for selecting among eight

multimeter functions to monitor console power supply output voltages and RPV

receiver, battery, engine cylinder head temperature, and carburetor inlet air

temperature.

COMO SA-I-

00------ -- K M-NOW STAST 0 (- WFV TLM LOCK I 1
a, MI TO AUCJ4 UDCINT GMM-M W O

a ~WAYPOInT (j% @f5- " ~ M N AV OMA
o O 0- oC MT @O- LO- 4V OV MY

O:--OUNK LOIS +D15V IM ".

Figure 91. In-Flight Diagnostic Panel

The panel, designed and fabricated by LMSC, interfaces with the in-flight diag-

nostic electronics assembly. The raok-mounted panel is 19 In. wide and 3 in.

high.

feroom. Pael. The Intercom pael, Flgure 92, is the central station for the

voloe oomnmuioation thmou the ground system. With this panel, both

operator and an Instructor am able to plug In headsets and communicate with

0~~ 
A__

mumX 0 IQ

1v.ln 92. baoom Pael
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other ground personnel. A total of 30 headsets can be plugged Into this system.

Indicator lights are provided whenever a call is either coming in or going out of

the GCS. Channel selection and volume control are available. This panel also

gives the operator the capability to turn on the beacon, siren, and public

address system.

The intercom panel was purchased from Clear Corn Division of Lumiere Pro-

ductions, Inc., and modified by LMSC to add the switches for the beacon, siren,

public address, and foot switch control. It operates on 115 Vac with 0.5 A of

current. The rack-mounted unit is 19 in. wide, 3.33 in. high, and 8 in. deep.
A

Telemetry Receiver Panel. The telemetry receiver panel, Figure 93, contains

the downlink telemetry/video receiver and its controls. Manufactured by

AACOM, Inc., this receiver is part of the tracking antenna system. The meter
on the face of the panel is monitored for maximum signal strength while the

antenna is being aligned.

FREQ
MON

SSTh. \ I /XTAL 1

.V MON -, , .XAL 2

V MON014

ON ON

OFF OFF

VDWO GMIN AW

Figure 93. Telemetry Receiver Panel

Semsor Operator Video Monitor, The sensor operator has a video monitor

Identical to the RPV operator's video monitor. However, the sensor operator

has the capability of displaying the real-time RPV video, a playback video

stored on the recorder, or the video from the grotmi approach camera. Using
the pround video mode, a head-on view of the approaching RPV is presented to

the sensor operator. A relile provides a cetered croeshair on the operator's

218



display. The operator's display also presents a second crosshair that is elec-
trouically generated and controlled by the sensor operator's controls. Displace-
ment signals are generated and transmitted to the RPV to command the RPV to
fly In a direction that will cause the RPV to fly to the reference crosshair posi-

tion when the controllable crosshair Is placed on the RPV Image. This align-
ment is established and maintained to force the RPV to follow the correct
flightpath into the vertical net. Time of day is also included on this display.

Figure 94 shows the display for the ground video camera.

PULLON

/0 CONTRAST

SYNC

G 3RIGHTNESS

O VERTICAL

EVU-24R VIDEO MON)TOR

Figure 94. Video Monitor (Ground Video)

Data U k Status Panel. The data link status panel, Figure 95, Is used to supply
power to the uplink command transmitter and Indicates the condition of the data
link. TMe GND LOCK light, controlled by the computer, indicates that the RPV

FMgue- 95. Data Link fs8a, Panel
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has looked onto the command link and the OCS has locked onto the downlink, and

that both the computed RPV to GCS range and tracking antenm azimuth angle

are within a computer controlled window (window size Is a function of RPV

dynamics). The VEH LOCK light indicates the RPV has locked onto the uplink

transmitter.

During prelaunch, the TLM ATTENUATOR TEST switch is used to actuate rf

attenuators simulating RPV ranges of approximately 20 km, thereby verifying

data-link performance. During prelaunch and flight, uplink and downlink data

can be displayed, in octal format, on this panel. The thumbwheels are used to

select the proper telemetry channel. This panel, designed and fabricated by

LMSC, Interfaces with the EIU. It is rack mounted and Is 19 In. wide, 1.7 In.

high, and 6 In. deep.

Sensor Control Panel. The sensor control panel, FIgure 96, contains controls

and indicators for controlling the various sensor payloads used during RPV-

STD program Phases I through V. They are: autotracker controls for Phases

Inl through V, laser controls for Phases IV and V, artillery offset controls for

AUTOTRACKER 7LASER ARTILLERY OFFSETTOT
CONTRAST ENHANCE RANGE

_LAC-

V AII~]c INIDW E ON
PI?

VIDEO AUTOTRACE WINDOWMASS INCE I

jo NO. |

TRACK DEC

1111I EWNAILE STATI! FRAAWSS RZIL..NWO

IF.O.V . e focu MAINE MATS Irl" TRIOOR

FjP. 9& SenMr onto Panel
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Phase IV, 35-mm camera controls for Phase HI, and sight controls for the

Phases I through V TV camera.

The automatic target tracking mode, used in Phases M through V, is selected

by an AUTO TRACK ENABLE pushbutton on the sensor hand control panel; the

status of that pusbbutton is displayed by the sensor control panel TRACK LOCK/

UNLOCK Indicator. The target is manually located by the sensor operator with

the AUTO TRACK ENABLE switch in the off condition. When the AUTO TRACK

ENABLE switch is pressed, the payload oamera automatically tracks the cen-

troid of the target. When the tracker is actually locked onto the target, a 1-in.-

long horizontal bar, from the RPV TV sensor, appears in the lower lefthand

corner of the TV screen; this is the only indication that the tracker is in fact

locked on.

Video contrast within the track window can be ohanged from a normal black and

white Image to a negative Image by pressing the CONTRAST switch. Further

contrast control is effected by pressing the TGT ENHANCE pushbutton that

increases the picture contrast in the track window. The size of the window is

controlled by the AUTOTRACK WINDOW spring-loaded toggle switch that in-

creases or decreases the window area.

The video camera normally passes the video signals through the autotracker.

in the event of a malfunction, the VIDEO BYPASS/TRACK switch can be used

to bypass the video around the autotracker.

Laser r.auefinder controls are used in Phases IV and V. The laser is enabled
by the ENABLE ARM/SAFE pusbbutton switch And the statum is indicated on the

OVERHEAT/READY Indicator. The plsde rpetition frequency Is selected by
the three-position PRF rotay switch. During operation, transmission is vor-

fled by the FIRE/OFF indicator, and the veMob-to-targst range Is dispayed in
motors an ne ftour-diolt RANGZ Indictor. Th bser Is fired by toe LASER
F"E rswitch on th sonor control panl.
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For Phase IV, artillery offset is displayed on two three-digit displays, accom-

panied by an EAST/WEST and a NORTH/SOUTH indicator to indicate, In coordi-

nates, the displacement between the target and the burst.

The 35-mm camera controls are used in Phase II. The frame rate is selected

by the FRAME RATE FPS thumbwheel/indicator switch in frames per second.

The three-digit FRAMES REMAINING display indicates the number of frames

remaining. The camera is controlled by the TRIGGER ON pushbutton that

triggers the camera at the selected frame rate.

The LOS CAGE control is used for Phases III through V; all others are used in

Phases I through V. The RPV TV camera can be caged in two positions. The

MECH CAGE pushbutton points the video camera forward at a depressd angle

of 6 deg. The LOS CAGE pushbutton electrically locks the video came. a in its

present position.

Full-screen or window (center 10 percent of screen) automatic level controls

are activated by the ALC pushbutton. Video camera brightness and contrast

are kept in balance over the entire screw or within a central window area.

Video camera field of view is continuously adjustable for 4 deg to 37 deg by the

FOV control. Manual light level control over the entire field of view is adjusted

by the spring-loaded IRIS toggle switch that increases or decreases the filter

density, and returns to the center position when released. The spring-loaded

FOCUS toggle switch adjusts camera focus (not used in Phases IV and V).

This panel, desigaed and fabricated by LMSC, is 19 in. wide by 8. 75 in. high

by 8 in. deep, rack mounted, and interfaces directly with the EIU. Voltages

required are +6 Vd for the LED displays and +28 Vdo for the Indicator lamps.

Sensor Had Control Panel. The sensor band control panel Is bown in Figure
97. The PAYLOAD ON pushmbuton switch applies power to the RPV semsor
gimbals, autotracker, and laser. The appiowh camera or RPV camera seloo-

tion is made by the VIDEO SELECT GROUND/VIDEO pushbutton, and displayed
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F~gre 97. Sensor Hand Contrl Panel

on the sensor operator'. TV monitor. Skperimposed alphanumeric information

and symbols (1reads-up display) may be cleared from the screen by pressing the
DISPLAY SELECT NORMAL/CLEAR push . In addition, the video tape

replay may be viewed by seletL the tape position of the MONITOR SELECT

TAPE/DIRECT pushbutton. The DISPLAY SELECT and MONITOR SELECT

pushbttn are effetive only when the RPV video Is selected.

j For Phases iV and V, the LASER FIRE switch fires the laser rangeflnder/

~desipator in conjunction with the ontrols and ndicators on the sensor control

panel. For retrieval and Phase IV, the curor Is calibrated by centering the
curor on top of the reticle (or the ro har) with the joystick and pressing the

CURSOR CAL p. The offset range iS omputed by positioning the

rele on the taret and pressing the AUTO TRACK ENABLE pushbutton. The

dersor Ithn positione with the jostiok yI the sensor opertor on the burt

and tbe BURST function Is selected by pressing the RANGE COMPUTE pushbutton
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for computation. Offset information is calculated and displayed on the ARTIL-

LERY OFFSET section of the sensor control panel when the laser is fired

spin. The two control knobs on the left side of the panel zero the cursor ele-

vation and azimuth drift rates on the sensor operator's TV monitor with the

joystick in neutral.

FINAL APPROACH, APPROACH DIRECTION, and ABORT controls are used in

conjunction with the Joystick to retrieve the RPV. Pressing the FINAL AP-
PROACH pushbutton ends waypoiat guidance, initiates the computer guidance

and RPV flUh controls approah modes, places the RPV tracking under sensor

operator control, and deploys the payload protector. (The payload protector

can also be deployed by pressing the PAYLOAD SHIELD DEPLOY pushbutton.)

ITh APPROACH DIRECTION pushbuton selects the primary or secondary land-

ing direction. If the wind has shifted daring the mission, necessitating landing

in the opposete direction, the ground TV camera must be switched to the opposite
md of the retieval system, the opposite vertical net erected, and the PRI/SEC

pu selected. In the event the approach is not satisfactory, pressing the

ABORT pushbutton will cause the RPV to pull up and circle for another attempt.

During retrieval, the joystick controls the cursor on the TV monitor that the

sensor operator uses to track the RPV. By comparing the location of the track-

ing cursor with the center. of the glideslope, the ground station computer calcu-

lates the steering error and sends correcting commands to the RPV autopilot.
The sensor operator continues to track the RPV with the cursor until retrieval

is accomplished.

The panel, designed and fabricated by LMSC, interfaces directly with the EIU.3!
It is recessed below the table top and occupies 400 In.3 .

Tost and /o Panel. A omector pal on top of the test And Input/output (I/O)
console Is used to upply data between the Uancer and EIU. These data Include
the launch sipal, laundher speed plss, and launcher stafts.
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Blower. The blower ools the console Interior electronics.

Em. The EU, designed and fabricated by LMSC, houses all the interface elec-
tronics required between the vendor components and suassemblies and the
displays and controls. This unit consists of 27 plug-in printe circult boards

(6.5 in. by 7.5 in. ) plus two AACOM, rm. data link boards. The unit occupies
4,075 In.3 . A drawing of the EIU is shown In Figure 98.

CASE

HANDLE

PRINTED
ooo CIRCUIT

BOARDS

Figure 98. Electronics Interface Unit

* Power JIterface Unit, The power Interface unit, designed and fabricated by
LMSC, is used to switch an the console power mmd fte power to the shelter,

accessories, such as l~HW*. A 25- A circuit breaker is used for the console
a power and a 15-A circuit breaker hbr fte accessories. Power outes are alo

available on the ftwe of the panel. The panel Is rack mouned and Is 19 In. widejn 3.asnsho
-2i



CPU. The Data General Nova 2 general-purpose computer performs real-time

calculations utilizing floating point arithmetic and data processing for the RPV-

STD system. The computer communicates directly with the paper tape reader,

magnetic tape recorder, teletype, and waypoint guidance unit. Access to all

other active units in the GCS and launcher is provided through the EIU. A

photograph of the CPU is shown in Figure 99.

Figure 99. Computer Processing Unit

The basic computer programming Is read into the 16, 000-word memory In 16-
bit binary words from either the paper tape reader or the magnetoc tape unit.

Information regarding site lzitalizationzaissicn planning~and prelaunch dat to
provided to the computer via the telstyp, waypoint guidsa unit, or the X-Y

plotters through the EIU.

During a mission, the computer senses the tracking antenna. azimuth and dat-
link range Indicators to determine actual RPV position, compares this position
with the programmed fiightpath, and Issues corrective commands through the
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data link to the RPV. Throughout the mission, the computer provides signals

to the X-Y plotters that plot RPV position, monitors the vehicle sensors for

vehicle status changes, and provides updated data for displays or for the sensor

control panel, waypoint status panel, manual flight control panel, and the

antenna control panel. At discrete Intervals, the computer also provides com-

prehensive flight data to the magnetic tape recorder for a permanent flight

record.

The CPU has front panel displays and controls. In this way, the operator is

able to enter words into the computer, to load program In memory, to start

the program, and to examine the contents of any memory location. This serves

as an added troubleshooting tool which is not used during flight.

Power SuTply h 7e power supply assembly, purchased from Sorenson, supplies

the regulated do power for the complete console. Operating off 115 Vac, the

following voltages are supplied with regulation and current capabilityl

+5 Vdo + 0.05% at 36 A

+15 Vdc * 0. 1% at 2.8 A

-15 Vdc * 0.1% at 2.8 A

+28 Vdc + 0.1% at 11 A

These supplies have shutoff capability when overloaded.

ini-Flight Diawstic Electronics Assembly. The electronics assembly, designed

and fabricated by LMSC, Is used In oonJunoton with the In-flight diagnostic

panel. Interfacing with the EIU, the in-fligh diagnostic electronic assembly

receives both the command and status data and generates the drivers for the

LED displays. In addition, the electronics decommutates status data to display

RPV receiver AGC, RPV battery voltage, eqp cylinder head temperature,

and carburetor inlet air temperature. 1he eleotronios are contained on a 14.5-

In. by S. 5-1n. printed ciruit oard and hosaed in a rak-momte! 19-in. -wide

by 3. 5-in. -high chassis.
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Laser Safety Switch. A laser safety switch was added to the console to serve

as an additional safety precaution to the firing of the laser. This switch must

be hold down whenever the laser Is to be fired.

Inverter. The Inverter, manufactured by Topaz, provides a frequency-regulated

117-Vac, 60-Hz output power from a 117-Vac input with varying frequency, such

as from a generator or auxiliary power unit. This unit supplies power to the two

video tape recorders. The unit is located under the sensor operator's desk top.

5.2.1.2 Magnetic Tape Recorder. The nine-track digital tape recorder, man-

ufactured by Data General, is used in the playback mode to program the Nova 2

computer and in the record mode to record uplink and downlink data for system

performance analysis. The controls on the recorder allow the operator to

(1) load the tape that draws the tape into the vacuum column and advances it

to the beginning of the tape, (2) place the recorder on line for computer control,
and (3) rewind the tape at high speed.

5.2. 1.3 Teletype. The model KSR 33 teletype is comprised of a keyboard unit

and a typing unit controlled by a Nova 2 computer. The computer program in-

structs the operator to enter specific data in a sequence required by the com-

puter. A photograph of the teletype is shown In Figure 100.

With the LOCAL/OFF/LINE switch In the LOCAL position, the keyboard and

ting units are tied directly together and the teletype operates as a typewriter.
With the switch in the LINE position, the Nova 2 controls the keyboard and

ting units individually. Under computer oontrol, te ting unit proides, a
hard oopy of the program data while the computer Inetmotlonu are entered via

the keyboard. Data oommuntcations betwm the computer and telotp are by

11-hit coded words containing the standard 6-bit ASCII Infornmaton code. Fbr
emmple, wham data a tUansmitted to oomputer via keyboard, the computer
will respond by prinng datapo the typewriter If the computer Is operating and
prorammed propery.
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FIgure 100. Teletype

5.2.1.4 Emergency Alarm Panel. The alarm panel Is located on the auxiliary
equipment rack and Is shown in Figure 101. The two switch Indicators must be
activated in the correct sequence to avoid Inadvertent alarm system activation.

* Pressing the EMERGENCY READY switch Indicator enables the alarm switches
in the tens, WCS panel, launcher control box, and generator J-box, and lights

the indicator green if all the cables are connected and the switches are off.

While the EMERGENCY REAY indicator ts green, pressing the ALARM ON

switch indicator will enable Soe alarm siren circit. The indicator will light

red. noe alarm will sound if a"y of 1he alarm switches Is pressed, any of the

wneruite signal cables beome isonewd or If She EMERGENCY READY
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Figure 101. Emergency Alarm Panel

switch is pressed a second time (before turning the ALARM ON switch off).

This panel, designed and manufactured by LMSC, Is 19 In. long and 3.5 in. high.

5.2.1.5 Inverter, This second inverter is identical to the one used for the

video recorders. This one, however, is used to supply regulated output power

to the computer and is located in the auxiliay equipment rack.

5.2.1.6 Amplifier. Th power amplifier Is a 35-W Bogen public address ampli-

fier and is located on the auxliary equipment rack. nhe amplifier controls the

emergency siren and the loudspeaker on the GCs rpof.

5.2. 1.7 Fire s. Two model 5RH fire extinguishers are located in

the shelter.

5.2. 1.8 Time Code Generator. The time code generator, Figure 102, is

located an the auxiliary equipment rack. During ,the computer site initiallza-

ticn, the genemrator Is turned on and set to Greenwich mean time. Using the

thumbwheel, the most significant digit (day of the mouth) is selected and entered

into d arcpriaft display position. The suooediug digits are entered In

sequeme. Whim the correct seonmd is entered, te START pushbutton is
pressed.

* lb

1lzre 102. Tim Code Oertor Panel
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The time code generator output is visible on the front panel display and Is
applied to the computer as a time reference for the tape recorders. The time

reference is also used to calculate flight time for the video monitor heads-up

display and the mission time display on the waypoint command status panel.

The unit Is manufactured by Datum.

5.2.1.9 Air Conditioner Remote Control Box. An air conditioner remote

control box, FIgure 103, contains a thermostat and an air conditioning function

selector which is used to regulate the temperature of the shelter. An hour-

meter records operating time. This unit Is manufacturd by Ellis and Watts.

oe

75

HOURETERSELECTOR SWITCH

THERMOSTAT

Figure 103. Air Conditioner Remote Control Panel

5. 2. 1.10 Cable Entry Panel. This panel is used to interface the shelter withthe rest of the ground system. Communication lines between the CS and

launcher, pnerators, and recovery system are routed through this panel. Spare
lines m also provided. Other Interfaces routed through tid panel are the

gromd video camera signals at the recovery site, remote video monitor output,

weather data, and remote audio and X-Y plotter outputs available as spares.
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5. 2 1. 11 J-Box. The J-box controls all the site ac power except that for the

air conditioner. This box contains the main circuit breaker (200 A per phase)

and 19 other circuit breakers for GSS power.

5.2.1.12 Emergency Alarm Control. This control, manufactured by Federal

Signal Co., is an external control for activating the warning siren.

5.2.1.13 Warning System. This system, assembled by LMSC, consists of a

warning siren that can be sounded (1f activated) by the emergency alarm panel

in the (C8, or by emergency alarm control external to the GCS, or by the

alarm switches at the remote sites. This siren can be controlled from the

communication panel during prelaunch checks.

5. 2. 1.14 Lghtning Protection System. This system, designed and fabricated

by LMSC, consists of lightning arrestor rods on top of the GC8, connected by

no. 4 AWG wire which is routed along the wall of the GCS, and attached to a

5/8-in. oopperweld pipe 8 ft in the ground.

5. 2.1.15 Speaker System. The speaker system, manf by Cobraflex,

consists of two speakers used for the outdoor communication system. The

speakers are driven from the Bogen 35-W amplifier.

5.2.1.16 Wind Monitor Mast Head Assembly. This assembly, manufactured

by Sigset ScIentiflo, includes the sensors for monitoring wind direction and

speed and outdoor temperature. The sensor outputs are fed to the meteor-

ological panel. This assembly sits on an extendable/retractable mast on top

of the GOC. A photograp of the wind monitor mast is shown in Figure 104.

5. 2.1.17 umit . The warning l mamdaotAred by Federal Signal
Co., coesists of a beacon mounted on the top of the (8. During a flight when

e beam Is Uumsd on, it s rotatng and flan*. Theemergency alarm sys-

tam oanalso tumn a ths m.oo
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Figure 104. Wind Monitor Mast Head Assembly

5.2. 1.18 Shelter. The shelter is a basic Craig Systems S-280 shelter and was

modified by LMBC. 1Th modifications included inlet and outlet boles and mount-

ing brackets for the air conditioner, the addition of a side panel for installing

the console and for giing access behind the console during checkout, and
attachin support structures for Installn the trucking anteum, warning light,
speaker, mast, siren, ommunioation lines, light fixtures, J-box, teletype,
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console, auxiliary console, digital tape recorder, video recorder, and paper
tape unit. The shelter is 138 in. long, 81.5 In. wide, and 74.5 In. high.

5.2. 1.19 Antenna/Rotary Assembly. The antenna/rotary assembly, manu-
factured by EMP, provides a means for automatically tracking the RPV. The

assembly consists of a radome, low-gain and high-gain reoeive/transmit an-

tennas, gimbals, tachometer, and rotary joint assembly with slip rings, cor-

mand transmitter, and rf components. A detailed functional and interface
description of the tracking system Is presented In subsection 5.1.2.

5.2.1.20 Air Conditioner/Heater. The MIL-AC-230-60 air onditioner/heater,

manufactured by Ellis and Watts, is capable of providing 36, 000 Btu/hr max-
imum cooling capacity with an ambient temperature of 1250 F. It also is capable
of supplying 25, 000 Btu/hr heat capacity. This unit is electric motor driven,

air cooled, automatic, and self-contained. R operates off of 115/208-V, 3-
phase, 60-Hz power.

5.2.1.21 Paper Tape Reader. The 300 character per second tape reader,
manufactured by Data General, is used to load a diapgostic progpmm into the

GCS computer. R can also be used for storage of programs or data.

5.2. 1. 22 Video Tape Recorders. The two video tape recorders are used to

record the RPV onboard camera video signal saperimposed with the added alpha-
nuneric data. The sensor operator has an option to record the ground camera

video instead. In addition, the sensor operator has the capability of playback
from his video recorder to his monitor. Audio data from the intercom channels

are also recorded for data analysis following the flight.

The video recorders, one of which is shown in Figure 105, are high-performanoe

helial-scan, fully transistorized Industry devices manufactured by International

Video Corporation (I'VC). These recorders provide both record and reproduce

functions and an remotely ooatrollable. Ec h replay capability with slow
and stop motion. The recorders feature a 5. 0-MHz bandwidth and a 44-dB



Figure 105. Video Recorder

signal-to-noise ratio for video plus two channels of recording for audio range

signals. Each scan of the video head records one field of video. For the

nonnal 30 sec of instant replay, tests have shown that the tape recorder will

rewind and ready itself within 4 sec. The recorders provide 1 hour of record-

ing time on an 8-in. reel with a horizontal resolution in excess of 400 lines.

5.2.2 Requirements and Capabilities

To moet the requirements set forth in the contract Description/Specification,

the GCS is housed in a mobile shelter equipped with air conditioning and heating

units, and contains the following equipment and subsystems:

e A computer that monitors pertinent RPV and sensor parameters in

order to control the flight of the RPV and to compute target UTM co-

ordinates and height above sea level. The computer also provides fire

correction displacements in meters. These locations and corrections

are acomplished within 2 sec of data input. The target location
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computations are Initiated by the receipt of laser range data; the fire
correction computation is Initiated by the operator nmring the burst
location on the display. Burst-to-target accuracy for fire correction

is 25 mCEP.
0 Controls that include autopilot and other flight commands, prepro-

grammed fl~gt commands, launch and recovery control, TV corn-
inds, autotracker ommuands, laser commands, and controls to
transfer burst location from TV monitor to fire adjustment computa-
tion subsystem.

e Display, t*at Include two TV monitors ions for real-time display and
one for playback); pan and tilt position of RPV TV; sensor field of
view; ompuxted target cordinates; fire correction; laser range; RPV
altitude, beading, and airspeed; and engine rpm, teprtrand
fuel quantity.

* 'Recording capability to record TV Imagery for Instant playback of
30-sec segments and for replay of the entire flight recording, and stop
action capability wherein the operator can freeze any frame viewed
from the instant replay recorder.

* Ground porton of the data link and command and control for the RPV

system.

The Mofowing paragraphs discuss the capabilities of the G08 and the compliance
wii soe reirmnts.f

5. 2.1 Functional Jnterboes. The heart of the (G08 is the CPU and the Eu
which rotes data to a: fom the data link and tracking antenna, meteorolog-
ical sensors, commu--a-om link, time code generator, video recorders and
monitors, X-Y ,aviton plotters, and controls and displays. The Moowing
paragraphs show the Interbtoes between all portions of the 004 for each feno-
tional mode. The modzles shown refe to the SH printed circuit boards, and
block diagreuza socmpaay ech motion.
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RPV Ramae Counter (FIgure 106). The range from the GCS to the RPV ts corn-
puted by mea suring the delay between the uplink and the downlink clocks. On
request from the CPU, range counter oututo fed to the CPU. These data,
along with the antenna azimuth data, are used to determine RPV position in
UTM coordinates.

F ~ -2r 106. RPZ Range Coute

X-Y~~ENO PlterDIeTFgr 0) opo h oiino h PteCUcm
pares TECOC thSacltdpsTARnofTheBVwt h ntalancre onso

the~~~~~SO pCteLOCKKdiln h lotrXYsias hess~l ae1-i
words that are ouivertdTROLgdrv ia.

Auto/amaDECOERaFd OGIC lm OLTearped ilne ed
lug~~~~RT raec CLOCaeK mae I h P rth uoai mdctta

10-bft ~ ~ ~ ~ ~ 1 wSITs adcvredtanogMaalomaDAAval.fo
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Figure 107. X-Y Plotter Drive

the manual flight control panel. Selection of either mode determines the com-

mands to be sent to the RPV.

CPU-Generated Displays (Flures 109 and 110). Display data, RPV status, and

target Information are contained In the CPU and, by proper decoding, can be

made available to the appropriate display, as Indicated In FIgures 109 and 110.

Time Code Generator to CPU (igure 111). The time code generator output,

available as a 32-bit word, is inserted ito the computer as 2- to 16-bit words.

These data are available for storing on the magnetlo tape and for video display.

Sewor slew Command (Fgu 112). Th sensor hand oontrol Joystok derives
toe sensor slewing commands transmitted to the RPV. bpAt to the cursor gen-

oratlin circuitry Is also made available for approaoh guidance.

Andozl-o-Dita Conveorter (BMare 113). Analag nput, such as wind direcoA

and speed, air temperaftoe, and the pen posItion.im each plotter, are
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multiplexed and converted to digital words. These words are available to the

CPU upon request, for computations, criteria, or recording.

Telemetry Decoder (FIgure 114) Certain telemetry downlink serial data must

be decoded in the proper address format, converted to parallel, and converted

to analog for display. Other data remain as digital data.

Telemetry to CPU (Fl e 115). Certain telemetry downlink date. must be

made available to the CPU upon request. Using the frame sync, the proper

telemetry data are picked off the data stream and sent to the CPU.

CPU to Telemetry (FIgure 116). Command uplink data must be made available

to the command transmitter. Upon request by the CPU, these data are placed

in the proper uplink data stream position.

Data Link Status (Figure 117). Callup of any uplink or downlink data can be

displayed In octal form. Under valid telemetry lock, sensor and RPV status

can be displayed.

Telemetry Discrete Switching (Figure 118). Due to the limited numbers of up-

link channels, sensor commands change function depending upon sensor used.

Selection of the sensor phase (configuration) establishes the appropriate dis-

crete logic.

Switch Dderruvt Processing (Flie 119). The CPU operates on an interrupt

principle. Whn data are to be entered, an Interruptrequest s asked. Efthe

CPU Is not busy, It is honored and the data are entered Into CPU.

laweed-Tlme Counter and Camera Frame Rate Control (Fipre 120). Couters
are req*red to determine and'display mission time and to keep track of the

Phase II camera frames taken. A 5-bit word is required to select the frame

raw th e IIe 1 senser.
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Video Interoonnect and Switch (Figure 121). RPV video data are continuously

displayed on the RPV operator's video monitor and stored on his video re-

corder. The sensor operator has the capability of storing RPV video or ground

camera video and of displaying real-time or playback video or ground camera

video.

Control Circuits (Figure 122). Tone generators are required to terminate the

RPV dead reckoning mode and to switch from high to low antenna gain. 7b

reduce power, LED displays- are alternately turned on and off. .

Antenna Azimuth Buffer (FIgure 123). The antenna azimuth position is avail-

able to the CPU from a 14-bit shaft encoder. A strobe pulse is provided when

required to generate a position reading.

5. 2.2.2 iperatonal Capabilities. The following is a discussion of the major

capabilities of the GCS and Its relationship to the complete RPV system.

Automatic Tracking System. The automatic tracking system, located on the
GCS, provides a means for automatically tracking the RPV. The system, with

Its block diagram shown in FIgure 124, Is comprised of high- and low-gain

receive/transmit antemas, an upper antenna mount, a lower antenna mount,

an antenna controller, and a video receiver. Evolution of the tracking system

is reported in Reference 16.

7ne antennas consist of four helical low-pin antennas, and a 25-in. parabolic

dish fed by two dipoles, forming the high-pin antenna. The upper antenna

mount contains the circuitry to process the receive and transmit signals. The

low-ain antennas are operated in pairs through power dividers such that pair

AD can be lobe-switched with pair CD. In a similar manner, when the high-

pin antena Is selected by the high-low switch, dipole E is lobe-switched with

16AQUILA ElV SYSTEM TEST REPORT, CDOL AOOD, PART 9, OCS TRACKING ANTIMA,
LMSC-L028081, Lockheed Missiles and Space Company, Inc., Sunnyvale,
California, September 1977.
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dipole F. 11m high-low switahes are controlled by a tone decoder, which is

oontrolled by a tone from the EIU selected by the computer as a Amotlc of

RPV range and elevation angle. The tone decoder also controls two In-line

attenuators that simulate the maximum range signal strength to and from the

RPV during prelaunch checkout. Th control tone for this operation is selec-

ted by the high-low gain switch on the data link status panel. Transmitted or

received signals are switohed by the diploxers. if the signals are transmitted,

they come from a power divider fed by the 10-W transmitter. The transmitter

is modulated by oommand signals from the EIU. f the signals are received,

they pass through the diplexers and are preamplifted. The scan converter

switches back and forth between the preamplified signals at a 600-Hz rate gen-

erated by a scan generator in the antenna controller. The converter output,

which is the sum of these two signals, Is sent through a bandpass filter to the

video receiver.

The video receiver produces three outputs: video, telemetry, and AM. The

antenna controller receives the AM signal and compares It In a demodulaor

with the san drive signal used to switoh the scan converter in the upper an-

tenna mount. Any amplitude variation in the AM signal Indioates that the RPV

is off the antenna axis since one of the receive antennas is receiving a stronger

signal then the other. The phase differenoe between the AM signal and the scan

drive sigal indicates the direction off axisW; the amplitude indicates how far.

This error signal Is displayed on the SERVO ERROR Indicator on the antenna

control panel. The sipal to also processed by an Integrator that getmtes an
auto rate command whose amplitude is a function of the error signal. This

command is applied to an auto/maual switoh within the antaes contrller

which is selected by the MODE swth on the antenna control panel. A manual

ra e commod cm also be gemerated and is adjusted by the MANUAL RATE

oontrob on tho antmre control panel. I% ouput of the auto/umamal swftoh Is

applied to a sumngt Atlifer wbich compares the soe lce rate commnand
witf th saftal rat% o te f anto as seased by a tachomaeen oas anWtma

drve #be& The resultg signal Is applied to a power amplifter that drives

doth dive motor.
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The tachometer, antenna drive motor, and a 14-bit shaft encoder are mounted
on a common shaft in the lower antenna mount that drives the antenna in the

* upper antenna mount. The 14 bits of parallel data generated by the shaft en-
coder represent the antenna azimuth relative to the GCS. These data are

processed by the EWU and sent to the computer. The computer corrects the
data for magnetic variation and GCS orientation and outputs 10 bits of data
representing the antenna azimuth relative to grid north. These data are
processed by the ETU and sent to the three-digit AZIMUTH display on the

antenna control panel.

5.3 LAUNCHER

The launch system for the XMQM-105 Aquila RPV, as originally proposed by
LMSC for Army use, employs a linear pneumatic launcher. The system is
pictured in Figure 125. The launch system is a mobile, self-contained (except
for electric power) system that supports RPV preflight checkout as well as
providing the required launch velocity at a prescribed vehicle attitude. The
evolution of the launch system is documented in Reference 17 and summarized

in Volume H of this report.

The launcher is shown in Figure 126. The launcher system is designed to meet
the prime objectives of (1) Army field use from unprepared sites, (2) mobility
provided by truck-mounted components, and (3) operational ease of handling in
tactical situations.

The launoher-to-RPV Interfaces can be segregated In three aress: RPV to
shuttle, RPV umbilical and quick disconnect, andRPV ground o omlng duct. The
interfa between RPV and shuttle consists of five points. Figure 127: two
mid-wixg support rest pads, two aft-wing thrust fittings, and the kag keeper.

7he umbilical Interface Is established In the RPV starboard side along BL 9.22.
Groud oocing for t RPV is suppliod via a duot In the left-side forward wing

1 7AQ1UA Itv SYSTEM TEST REPORT, CDL AOOD, PART 10, LAUNCHER DEVELOMPENT,
UISC-L028081, Lockheed Missiles and Space Company, Inc., Sunnyvale,
Califonia, September 1977.
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root. The ground mating half is contoured to provide easy removal just prior

to launch.

The major launcher system components, as shown in FIgure 126, are as

follows:

e Accumulator and shuttle guide rails

e RPV shuttle assembly

e Shuttle release and air pressure controls

* Piston and cable assembly

e Starter motor assembly

* Air compressor

* Ground cooling

9 Launch control panel

* Velocity counter system

0 Power supply junction box

0 Power supply (GFE)

* Shock absorber assembly

* Dryer

9 Remote umbilical removal

9 Jack stand

0 Forward support assembly

5.3.1 System Description

The launch system Is described In the following paragraphs. The subsystems

are discussed In the order listed above.

5. 3.1.1 Accumulators and Guide Rol.. The launcher pressure accumulators

serve as guide rails for the launch shuttle and RPV. The accumulator and

guide rail structure consists of two 5-in. -diameter aluminum extrusions

approximately 20 ft in length. The accumulator volume is sufficiently large

so that essentially constant force Is maintained on the piston stroke multiplier.

Thus the RPV sees a oonstant g force during the launch cycle. The accumulator
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extrusion provides two sets of guide rails; the upper set guides the shuttle and

the lower set functions as guides for the piston and crosshead assembly. The

piston and crosshead assembly are connected to the (outer) accumulator cyl-

inders by a manifold section at the rear of the launcher.

5.3.1.2 RPV Shuttle Assembly. The shuttle assembly is shown in Figure 127.

This design features stiffness, light weight, and high reliability. The shuttle

unit weight s 85 lb. The shuttle absorbs loads into the two main I-beams with

torsional stiffening provided by transverse and vertical tubular members. An

additional improvement to the aft wing interface is provided by two hard points

that interface to the thrust fitting.

The RPV is prevented from prerelease by shear rivets at the thrust fittings

and by the skeg keeper. 1% combined shear force for the two shear rivets is
approximately 150 lb. At the end of the launch stroke, the forward momentum

of the RPV shears the rivets, allowing the RPV to move forward, free of the

shuttle assembly, as the shuttle assembly is decelerated. As the RPV moves

forward, the skeg holddown assembly is released from the RPV skeg and the

skeg holddown assembly rotates forward due to inertial forces. Another feature

is the dagger and a block of neoprene, which prevents any rebound of the skeg

holddown assembly, avoiding collision with the RPV duct. The forward support

arms are set to an angle of 68 deg by a movable bolt under the arms, then ad-

justed for a breakaway force of 100 lb. The breakaway force Is established by
friction using belleville spring washers at the arm pivot end. Variation of the
RPV skeg placement is compensated for in the turnbuckle adjustment of the skeg

holddown assembly, which is locked in place by two jam nuts.
9

The shuttle rides on the upper flanges of the accumulator extrusions. The

graphite-impregnated slipper guides provide containment and low friction be-
tween the shuttle and the accumulator flanges.

5.3.1.8 shute Melae mnd Air Pressure Controls. Control of the shuttle

release latnb assaM is derived from nulato. air pressure applied
through an ar pressure regulator operating In a M of 65 to 120 psg. Mw

269"



regulator supplies air to a solenoid-operated four-way valve. When activated
by 28 Vdc, the solenoid valve operates the air cylinder and shuttle release
latch on the latch assembly, which disengages the shuttle from the battery

position (see Figure 128).

Accumulator pressure is sensed by a pressure transducer and commands com-
pressor shutoff when a given preset pressure value an the control box pressure

select dial Is exceeded. Blowdown of th. piston cylinder is accomplished re- &
motely using the solenoid pressure release valve located beneath the ball

valve. Manual blowdown anm also be acopihdat this valx - If required.
Total system blowdown requires only that the ball valve be luring piston

decompression.

In order to preclude improper pressurization of the mein cylinder, the manual
ball valve ts provided with a solenoid-activated air-actuated safety pin. The
solenoid remains deactivated unless the shuttle-In-position limit switoh senses
the shuttle is In battery, thus assuring the shuttle release latch can engage the

shuttle roller plate when commanded closed, and the latch-closed limit switch
senses full extension of the air cylinder rod end, which assures the shuttle

release latch ts fully closed.

A small shock absorber mounted on the latch assembly retard operation of the
latch. The result Is to slow the pressure onset to the shtuttle and limit the

maimum force applied to the RPV to shot 6 g.

A manual safety pin protects the system from pmalure acdtivan in ase of a
failure In the pressurization and safetyv Interlock systems. The gon looks di-
rectly into the latch hook and prevents any movement of latch and shuttle until

manually relawled. The position of this pin Is sensed by a limit switch and
monitored by a light in the ocatl box.

The J-box assembly is a junctio point for safety Interlock wiring, contral
iring, and 11-ua.mo wiring and is provided with a pimoted ubch

that can rebsoct and exedth latch provided no pmwssme in sensed by the
mnitlor pawmure switoh, (bWte of banl valv).
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5.3.1.4 Cylinder and Crosshead Assembly. The cylinder and crosshead
assembly provides the launch stroke to the shuttle and RPV when commanded.
See Figure 129. The assembly mounts between the two accumulator tubes, the
base of the cylinder being bolted directly to the manual ball valve. Mounted to
the head of the piston tube is a crosshead consisting of two aluminum and Teflon
guide assemblies and two cable sheaves.

The sheaves and launch cable geometrically provide a 2-to-1 shuttle launch
ratio. The piston travels approximately 10 ft and is capable of reaching a
maximum velocity of approximately 30 knots. The 2-to-1 ratio causes the
shuttle to travel twice the distance for the same time thus producing a max-

imum launch velocity of 60 knots. The guide assemblies support and position
the piston during the launch stroke. The guide sliding on the center accumu-
lator guide rails provides vertical and lateral piston tube and cable sheave

stability.

The cylinder containing the piston and protruding crosshead is a 5-in. by 13-ft
aluminum pressure vessel. The cylinder serves as a carriage for the piston
and, together with the piston cup seal, provides containment of accumulator air
pressure applied to the piston.

The piston assembly consist of a 4-in. -diameter by 14-ft-long aluminum tube.
The piston tube is hollow and is drilled and tapped along the walls to accept
mounting hardware. At the forward end is the crosshead assembly secured by
an 0-ring sealed aluminum plug, and at the aft end are another O-ring, cup seal,
and support hardware. Two relief valves set for 1 psig relieve and vent air
trapped between piston and cylinder and provide indication of cup seal leakage.
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5.3. 1.5 Starter Motor Assembly, The starter motor assembly (Figure 130)
provides for remote (control box) starting of the RPV engine and remote-

control retract after confirmed engine start. The starter base is located on

the platform welded to the manifold at the rear of the launcher. The starter

tray base mounts to the starter base at an inclination of 5 deg to the launcher

guide rails. A jackscrew adjustment provides vernier adjustment to correct

for small variations in RPV dimensions. The starter motor, polyclutch, and

starter shaft and its supporting pillow blocks constitute a movable assembly,
which is manually inserted into the mating engine receptacle.

When the proper engagement distance Is achieved, the movable tray locks into

the engaged position and can then be released by solenoid activation commanded

from the control box. The polyclutch Is a unidirectional friction clutch, which

engages only when rotated in a clockwise (as viewed from the rear) direction
and will freewheel when engine rpm exceeds the starter motor rpm.

PILLOW BLOCKSHAFT - (RAJC 1 2-IN.)

TRAY(60n569)-- S HAFT (6577572-1)

(MOVALE) SET SCREW (MSIS64-20)

STARTER MOTORE R BE6- A RN O - (3N 0I )

(057563)
BUMPER
(695"1)

Ow )AJMNTAse ly HAPOTT

(FOUR PLACES)

Flgwe 130. Starter Motor Aebly
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The starter motor is a 1. 5-hp three-phase, 208-V, ac motor rotating at 1, 725
rpm. The motor Is a totally enclosed heavy-duty unit providing 350-percent

starting torque.

When engine start ts complete, the movable tray is retracted by a remote corn-
mand from the control box. The tray slides rearward and is stopped by a rubber
bumper assembly. To prevent rebound of the tray and starter shaft back into
the RPV, a latch is engaged. Finally, a head protection ring is installed to
provide a safe area in the vicinity im iaeyto the rear of the launcher.
Figure 131 Is a schematic drawing of the starter system. showing the major
elements.

5. 3.1.6 Mir Compressor. The air compressor is a commercially available
heavy-duty unit capable of supplying pressures to 500 poig at 35 cfm. The
compressor in driven by an environmentally protected 5-hp, three-phase,
208-V, ac motor. The compressor Is a two-stags Quincy Model 325, with a

CLUTCH POLYCLUtCH

SPRING PIN (MS)6562-38) AND COLLAR
SPRING PIN (MS!j623" SAFETY WIRE (MS20995-N32)

SAFETYrID WIRE6775M)N3
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safety valve installed in the head providing compressor protection In the event

an obstruction blocks the passages in the head between high- and low-pressure

stages. When the proper accumulator air pressure is attained as sensed by

the pressure transducer, located on the air pressure control panel, the com-

pressor head is unloaded and the unit idles until commanded to resume pres-

surization. The compressor is mounted to the truck bed by two aluminum L-

sections, which distribute the compressor load to the truck bed.

5.3.1.7 Ground Cooling. The ground cooling system provides forced-air

cooling (Figure 132) to the RPV electronics and engine during ground opera-

tions and is removed manually just before RPV launch. The system consists

of a high-pressure blower, spiratube K duct, rubber floor base mat for a pole

support fixture, and an RPV inlet assembly, which mates to the RPV wing root

air inlet opening.

~RPV

SPIRATU B K, •
DUCT HOSE - _. -

RADIALF WHE1LKOWERt--

RIFFM
Figure 12. Ground Coolin System
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The blower is a 1/3-hp direct-drive radial-blade unit capable of supplying 475

cfm at 2 in. of water. The blower is fastened to a support stand, which rests

on the rubber base pad together with the Inlet support pole.

5.3.1.8 Launch Control Panel. The launch control panel provides remote

controls for launcher operation, status and malfunction indications, launcher

ready signal to the GCS, and RPV manual launch capability.

Figure 133 shows the location of the control panel indicators and switch con-

trols. The LAUNCHER PRESET PRESSURE thumbwheel switch permits selec-

tion of accumulator pressure up to 500 psig on 10-pslg increments. The actual

pressure Is monitored by the pressure gage at the pressure regulator. When

the pressure transducer at the accumulator senses the preset pressure, the

compressor is commanded to the standby mode and the PRESSURE READY

light (green) is on.

The compressor power is controlled by means of the compressor START STOP

switch; once turned on, the compressor may be pressurizing the accumulator

tubes or may be In the bypass mode, depending on the position of the preset

dial and the current accumulator pressure. Power-on is indicated by a white

light.

The SHOCK ABSORBER EXTENDED light (green) Indicates that the required

65 psig of air Is being applied to the shock absorbers.

The starter RETRACT/START switch is a momentary three-position center off

switch that permits application of three-phase power to the starter motor (down

position) and retract of the starter motor tray (up position). The retract posi-

tion is indicated by a green light.

The position of the manual safety pin Is indicated by an amber light In the armed

or open position and by a white light for the safe or closed position.
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A protected PRESSURE RELEASE switch vents all pressure applied to the cyl-

inder and piston assembly. Blowdown of accumulator pressure is accomplished

by opening the manual ball valve and activating the PRESSURE RELEASE switch.

The protected EMERGENCY ALARM switch activates a general warning emer-

gency alarm in the OCS.

The protected LAUNCHER TEST switch and enabling-key switch provides a

means of manually launching the RPV from the control box and a means of test-

firing the shuttle to confirm operational readiness.

The velocity counter provides a number readout proportional to final launch

velocity. Velocity can be found by dividng 29,600 by the number obtained on

the launch velocity readout.

The LAUNCHER READY light indicates system readiness; no launch can occur

until the logic for this light is satisfied and the LAUNCHER READY switch is

placed in the up position.

The fatercom plug provides for voice communication between major system
elemmte.

ft order to eosme proper launch of the RPV, the various control and safety

fy rO Iws. rIkokd by relays located in the control box. Three condi-

*wJeW lamo*and test are met In the demonstration launch system: (1) RPV
lamsbvte pound station computer, (2) shuttle-only firing, and (3) return
al AlMe to 4w battery position, including cycling of the latch mechanism.
The 1mb lJalrlook controls are shown schematically In Figure 134.

The r wemi for Immok reqires proper launch pressure (relay KS), vor-
Le, by 4 pp; adely pid removed (relay Xl); pressure applied to the. shook
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Figure 134. Iaunch Interlocks

absorber (relay K3); starter retracted after engine start (relay K4) and after

visual verification by the cognizant launch personnel that all safety and inter-

lock conditions have been met; and closure of the permissive launcher-reedy

switch f5). If all the aforementioned conditinns prevail, RPV launch or

shuttle firing is possible from either the GCS or from the control panel. In

order to operate the latch that locks the shuttle into the battery position, three

eanitmis must be met: (1) the manual safety pin has been released; (2) zero

preere Me been sensed in the piston; and (3) the manual shuttle-release

ow" bee been activated.

I. . Co r System. Determination of the RPV terminal launch

o i ft I* preent a" launcher system degradation that would

W ad b uo s approach XPV stall speed. Launoh velocity is also

a G o I* . mmi aircraft performance and assist in failure
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The velocity measurement system used on the launcher consists of two mag-

netic pickups located on the left-side accumulator tubes near the end of the

launch stroke and a magnet mounted on the port-side slipper guide of the cross-

head assembly (Figure 135). The velocity counters are positioned 6 in. apart

and so located that, when the crosshead magnet has passed over the second

counter, the shuttle and RPV are close to the shock-absorber cylinder rods.

In the piston cylinder, 6 in. of travel corresponds to 1 ft of shuttle motion,

and the time interval between the two velocity-counter pulses provides a close

approximation of the RPV instantaneous launch velocity.

The electronic pulses from the velocity counters are processed in the control

box with a count proportional to time being displayed on the control panel LED

pL

Figure 136. Velocity Counter Sensors
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counter. Tob convert time to velocity the number 29,600 is divided by the

observed count, providing velocity in knots.

5.3.1.10 Power-Supply Junction Box. The power-supply junction box, a

major interconnect box between launcher functional electrical systems, is the

electrical interface between launcher-related items and the ground control sta-

tion. The Junction box (Figure 136) is located at the front of the truck bed just

forward of the Jack-stand assembly. The J-box contains a 28-Vdc power sup-
ply, two magnetic contactors, several control relays, and interface wiring.

The 28-Vdc power supply is the source of dc control power used in relay

interlock circuits, solenoid-operated valves, the velocity sensor, and indi-

cator lamps. Three-phase power to the compressor and RPV starter motors

is controlled by two magnetic contactors with thermal overload sensors that

sense excessive current or low-phase voltage, thereby removing all power

from the area of malfunction. The contactors can be manually reset after the
power-loss diagnostics are completed. The box is waterproof and weather-

proof with dust seals between body and hinged lid.

5.3. 1.11 Power Supply. The power supply is mounted on the truck bed (Figure

136) and provides power to the RPV before engine start. The unit is a

FM OISTAL

lpre 136. 136 Truck Bed, Plan View
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I
Government-furnished Digac PP6241U capable of providing 28 Vdc at 240 A.
The supply operates from 110 Vac supplied from the power-supply junction

box. The unit is a completely waterproof, rugged, militarized power supply

weighing 98 lb.

5.3.1.12 Shock Absorber Assembly. Shuttle arrestment is provided by two

air-over hydraulic shock absorbers mounted on the forward end of the launcher
assembly. The shock absorbers are factory adjusted to provide optilmum per-

formance for launch speeds in the range of 45 to 55 knots. Each shock absorber

is 5 In. in diameter with a 21-in. body extending from the forward end of the
launcher. The internal bore is 2 in., with a 1.25-in. rod extending 16 in.

from the body. Air is supplied at 65 psig through a 5, 000-psig check valve to

augment the hydraulic shuttle arrestment. Maximum working capacity of each

shock absorber Is 100,000 In. -lb.

5.3.1.13 Dryer Assembly. The dryer consists of dual regenerative desiccant

towers. The air dryer is connected in series with the air compressor so that

air entering the launcher accumulators Is dry, thereby reducing maintenance

requirements on the launcher seals, valves, etc. The dryer (shown schemat-

ically in Figure 137) contains tMo desiccant towers, a timer, valves, and fil-
ters. During launcher pressurization, the dryer is turned off. Air from the
compressor at about 300 psig flows through normally open valves through the

desiccant towers, where it Is dried, and then to the postfllter and the launcher

accumulators. The pressurization sequence takes about 10 min; the desiccant

towers take about 4 hours to saturate without regeneration. The desiccant bed

are regenerated by operating timer-controlled solenoid valves to direct the air
flow through one tower then the other, changing from one to the other every

2. 5 rin. The compressor is set to 100 pslg during the regeneration period.

Air at 100 psig and 35 cfm flows from the compressor, through the prefilter,
through the on-Ie desiocant tower, where it is dried, and to the'shuttle valve.
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Figure 137. Schematic Drawing of Dryer

At the shuttle valve, 29.75 cfm are diverted to the postlflter and launcher

mnifold, and the remaining 5.25 cfm of dry air are sat to the regenerating
tower; moisture 1s removed from the desiccant bed and Is carried out through

valve D In Figuzre 137. YWhi the accumulatr pressre reaches 100 p.1g, the

compressor shuts off and the pressure bleeds down through whichever tower
is regenerating. When the preasun, falls to about 90 peig, the compressor

turns on aspin. Figure 136 shows the location of dryer as mounted on the

MN3 truck.

(.-3.1.14 Remote Umbilical Removal The RPV umbilical cable ( e 138)

is removed Just before launch by a lanyard leding down through the truck bed

and to the right rear corner of the M36 truck. The lanyard passes Just outside

the righjt-hand accumulator tube, runs through a friction-reducing fairlead and

two ucenly mounted eyebolts, and terminates in a handle. Maximum dis-

connect force at the RPV umbilical connector is 20 ib, but friction losses In-

crease the required force at the lanyard handle to about 50 lb.
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Figu 138. Remote Umbilical Removal
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5.3.1.15 Jack Stand. The Jack stand provides a simple reliable hand crank

for adjustment of launch angle In the range of 10 to 20 deg and supports the

basic launcher assembly. An inclinometer is provided to give visual confirma-

tion of the guide-rail angle. The installed assembly is shown in Figure 126.

5.3.1.16 Forward Support Assemuiy. The forward support assembly provides

longitudinal support to the accumulator tube during transit between operational

sites. Once a launch site has been selected, the forward support wing nuts are
loosened and the entire unit is pivoted onto the truck hood. The assembly

(Figure 126) is designed to avoid interference with the vision of driver or

observers.

5.3.2 Requirements

The requirements for the launcher system are as follows:

" No more than two people required for setup, teardown, and system

operations

" Minimum time and sMidl for all operations

" Minimum observables during launch operations

" Launch system common to all phases of the program

Design parameters selected and proposed to meet these requirements are oom-

pared with the final chteristis In Table 21. A review of the system param-

eters shows that only the Increase of launcher weight Is significant; all other

specified pammeters were essendally met.

In order to increase launcher lfe, decrease matennoe, decrease field mo-
bility reaction time, and provide for prelsnoh conditinin of the RPV, the
luncher system was augmented by the following truck-mounted ancillary equip-
ment: RPV ground cooling, RPY remote umbilical, RPV power supply and
control, and pneumatio air dryer. The final launcher onfiguration is shown

in Figure 126.



44

00p,

-A l

op 4t4

-p 9.



5.3.3 Performance

Launcher performance has been confirmed by test for launch velocities to 60

knots and vehicle weights up to 200 lb. The theoretical accumulator pressure

required to launch the RPV can be closely approximated by an expression in

which pressure is linearly proportional to the weight and to an exponential

power of the velocity. The required relation to within a constant is then:

P =-- c (1)

where

P = initial launch pressure

V = RPV launch velocity

W = system weight

a = exponent approaching a value of 2

C = constant of proportionality

Similarly, the theoretical maximum acceleration loads can be approximated by

a term linearly proportional to weight and to an exponential power of the accel-

eration. When the acceleration is expressed in multiples of gravitational force

at the earth surface (g), the required equation is:

P = c 2 w 3  (2)

where

P = initial launch pressure

g = acceleration parameter

W = system weight

P = exponent approaching a value of 1

C2 = constant of proportionality

Experimental data were first obtained by controlled factory testing and then

augmented by field use data. Figure 139 plots RPV weight versus launch veloc-

ity with the required pressure as a parameter. When the plot is used, the 6-g

restriction for acceleration should be maintained; hence, the launch velocity

selected should not exceed 52 knots.
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Figure 139. RPV Launch Velocity, Variation With Weight and Pressure

The acceleration loads can be found by Equation 2, but a more direct method is

found when experimentally determined g values for various shuttle weights and

launch velocity are plotted versus the kinematic values for linear acceleration.

Figure 140 is such a plot of data from Aquila and from other programs that use

pneumatic catapults. The straight line is the theoretical, linear acceleration;

the data points reflect experimental data. As can be seen, the linear accelera-

tion approximation holds very closely for a wide range of data. Thus, the g

values of Figure 139 are those for an ideal linearly accelerated RPV.

Although it is desirable to have the launcher small and compact, the launch

stroke required to restrict the RPV acceleration loads to 6 g for a given launch

velocity can be calculated from the expression for ideal kinematic acceleration:

L = 0.00739 V2  (3)
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where

L = launch stroke (1t)

V = launch velocity Onots)

For a 52-knot launch velocity, the required length is 19.98 ft. For a 49-knot

launch, the required length Is 17.75 ft. Increasing the permissible g levels

and decreasing the launch velocity result In a shorter required launch stroke.

5. 3.4 Conclusions

The linear pneumatic system has been developed into a reliable launch system

for the Aquila RPV. The system provides prelaunch conditioning to the vehicle

and proper inclination and attitude during. launch. The system is limited to

truck use in its current mounting and has proved mobile In limited field use.

The current system is mounted on an M36 2.5-ton, long-bed truck. Current

geometry provides some overhang, which limits mobility.

6.4 RETRIEVAL SYSTEM

The retrieval system (Figure 141) consists of two trailer-mounted vertical

arrester nets, a horizontal landing net connected between the two trailers, and

a ground video camera. The trailers are positioned approximately 18 m (60 ft)
apart and at right angles to the prevailing wind; the horizontal net Is connected

between the trailers; and the vertical nets are raised. The horizontal net

stretches 2 ft above the trailer bed; this clearance prevents the RPV from

strking the ground when it lands in the net. Shortly before retrieval, the
upwind net is lowered, and nylon lines connected to the corners of the raised

net are attached to nylon straps that are wound around tape-reel, hydraulic

energy absorbers on the opposite trailers.

The system Is capable of safe RPV retrieval in a headwind or orosswind of 37

km/hr (20 knots). The vertical barrier absorbs and dissipates the flight
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Figure 141. Aquila RPV Retrieval System

kinetic energy while maintaining deceleration within the 6-g load limit. The

setup is described In Volume M of Reference 17. System capabilities are

discussed further In Reference 5. The development of the system is set

forth In Reference 18.

The dimensions of the horizontal landing not (25 ft wide and 60 ft long) are

compatible with the vertical barrier (15 by 35 ft) and provide L- desired RI-'V

deceleration characteristics within the structuial load limits of the Aquila

RPV. The characteristics of the system are listed in Table 22.

18Sterbenz, William H,, AQUjLA ?.PV SYSTEM TEST REPORT, CDRL AOOD, PART 6,
RETiURV.. SYSTEM DEVELOPMENT, LxX-L028081, Lockheed Missiles and Splice
Company, Inc., Sunnyvale, California, 30 June 1977.
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TABLE 22. RETRIEVAL SYSTEM CHARACTERISTICS

Parameter Value or Method

Retrieval system type Vertical barrier net, horizontal
landing net

Engagement velocity 79 to 96 kmAr (38 to 52 knots) ground
speed, low approach angle

Energy dissipater fluid Hydraulic brake, automatic

transmission fluid

RPV runout impact distance 13.5 m (45 ft)

"Vertical barrier net energy Nylon, 7,257-kg (16, 000-1b) load
dissipater tape strength, each

Vertical barrier net ,verc.ll 10.6 m (35 ft) wide, 4.6 m (15 ft) high
dimensions

Retrieval window 6.2 m (21 ft) wide, 3.6 m (12 ft) high

Horizontal net Low-rebound, longitudinal Dacron straps

Strap size 28.6 mm (1-1/8 In.) wide, 3.175 mm
(1/8 in.) thick

Capture loads 6 g vertical, 6 g axial maximum

Horizontal landing net overall 18.1 m (60 ft) long by 7.6 m (25 ft)
dimensions wide

Retrieval crew Two (minimum)

Ambient winds 37 kmAr (20 knots), gusts to 64 kmAr
(35 knots)

Instrumentation aid control system Passive

The retrieval assembly is mounted on two standard Army M345 trailers. Each

trailer acts as the base for the vpewtal arrester nets and serves as the attach

points to which the ends of the horiz -ntal landing net are connected.

The video caumera is positioned on the centerline of and 36 m (120 ft) downwind

of the center of the horizontal net. The height and tilt angle of the camera are

adjusted to define the flight approach path leadin* into the center of the upwind

vertical net and down a 4-deg glide path.
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5.4.1 Description

Figure 142 presents a drawing of the vertical barrier retrieval system. As
shown in Figure 148, each vertical barrier net supported between two vertical
poles Is connected by nylon lines from Its four corners through pulleys to two
rotary hydraulic energy absorbers. The energy absorber assembly (Figure

144) consists of a hydraulic-fluid-filled housing with two sets of eight stator

vanes fixed to the top and bottom of the housing. Nine rotary vanes attached
to the rotor shaft are located in the space between the upper and lower sets of
stator vanes. The rotor shaft Is driven by a tape reel on which a roll of high-
strength nylon tape is stored. When the RPV engages the vertical barrier not
(Figures 145a and b), the nylon tape connected to the vertical barrier pays out
and the desired arresting force is provided by the hydraulic-fluid vortex motion
induced by the rotor. Once the kinetic energy of the RPV has been absorbed
by the vertical net, the RPV's potential energy is absorbed by the horizontal

landing not. Figure 145c shows the RPV on the horizontal net just before its

removal.

The entire retrieval assembly is mounted on two standard Army M345 trailers.
The assembly is designed so that field setup and strikedown can be accom-
plished by four men in 1 hour and 0.5 hour, respectively. Structural elements

of the assembly consist of telescopic poles and torque tube assemblies, which
form the support frame for the vertical nets. The telescoping pole assemblies

consist of two 2024 aluminum 12-ft-long cylinders. The lower pole is 5 in. in
diameter with 0. 50-In. wall thickness; the upper pole Is 4 n. in damiseter with
0. 50-in. wall thickness. The overall length of the assembaled umit Is approxi-

mately 19 ft. The longitudinal tube assemblies bolted to each trailer form the
supporting mambers for the horizontal landin not and the four hydraulic

emerg aborbers. The poles are constructed of 6061 alumlnum alloy with
5.0-n1. outede diameter and 0. 25-ln. wall thickness.
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To stabilize the entire assembly when erected, and to facilitate retrieval

operations, each trailer is modified to accept two side support assemblies.

These are pinned to the bottom of the trailer, and a Jackscrew at each support

is installed to provide the required adjustment.

The flying and structural characteristics of the Aquila RPV-STD and its final

approach guidance system determined that a barrier 15 ft (4.6 m) vertically

and 35 ft (10.6 m) horizontally would provide an effective retrieval window of

12 ft by 21 ft (3.6 m by 6.2 m.), providing ample safe margins for the wing

span and propeller shroud outside the retrieval window itself. The vertical

net consists of 66 vertical nylon ribbons which are 0.5 in. (12. 7 mm) wide and

0.0625 in. (1.58 mm) thick. The equal spacing of these ribbons is maintained

by the upper horizontal strap, midline ribbon spacing strap, and lower hori-

zontal positioning strap. The midline strap provides a margin of safety so

that the RPV canmot penetrate the vertical barrier daring retrieval operations.

The horizontal RPV landing net has a width of 25 ft (7.6 m) ano a length of 60

ft (18. 1 m). The horizontal landing net consists of 13 dacron straps (26 lines)

1. 125 in. (28.6 mm) wide and 0. 125 in. (3.175 mm) thick. Equal spacing of

these lines is maintained by their attachment to the two landing net poles

rigidly attached to the trailer. The tension adjustment is applied to each

strap by means of the winch mount assembly. A torque of 10 ft-lb on the

winch provides the proper strap temsiom to prevent ground Impact of the RPV

during recovery and kes veMcal loads below 6 g.

The Aquila XPV recovwy system umse a video camera that looks up the 4-deg

glide slope at a point wbere th RPV will transition from waypoint uidance to
termnal guidae. This video infornmaon I displayed on the sensor opera-

tor's moir i the and il also o On tape fo analysis and record.

The V onm's sy stm ued is an WA Model TC 1005/501 video camera

with a 1-1n. silicon vidicon tube and a motorized auto iris. An f/1.8 lons with
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a 75-mm focal length provides a field of view of 9.8 deg (horizontal) by 7.3

deg (vertical).

To eliminate the problem of vertical net scintillation in the video as the wind

rotates the vertical straps, and to Improve the contrast of the RPV against

the sky, an ultraviolet filter is placed over the video lens. The filter used

is a 200-A bandpass filter centered at 3,900A with a transmissivity of

approximately 75 percent.

Once the retrieval system was fully operational and using the semiautomatic

guidance mode, the precision and reliability of the system were very high.

Some anomalies occurred in the altitude of the outer marker because oi alti-

tude system errors. However, these were adjusted by reprogramming that

waypoint. Once the RPV approach was set up properly, the LMSC test team

recovered every RPV on the first pass. The 1-a miss distance demonstrated

was 1.6 ft lateral and 0. 8 ft vertical from the distribution centroid of the net

impact po u s. The centrold was 0.33 ft to the right and 0.07 ft high from the

video line-of-sight intersection with the center of the net (looking from the

ground camera position).

5.4.2 Requirements and Capabilities

Requirements and goals of the retrieval system, as identified at the beginning

of the program, include:

e Minimm observability

* Operation from umprepared sites

* Transport on standard Army ground vehicles

* Two-mm operaftg team
* Mimum time and skills for operation

* Reliable RPV recovery
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Difficulty in evolving a reliable recovery system led to the compromises of
some of these goals. The system fielded was oversized to ensure reliability
In recovery. The resulting ground signature is large, but potentially subject
to concealment by camouflage techniques. The system operates well from
unprepared sites If clearance criteria are observed In site selection. The
system is portable and is transported on the two M345 trailers. The system
can be operated with a two-man team. Minimm set-up times were not estab-
lished during field testing. Recycle time with two men is approximately 0.5
hour. The system is operated by ES-level personnel. With over 100 success-
ful recoveries (and 100-percent recovery success upon system engagement)
the system reliability In Indeed high. The tight pattern of vertica) barrier
Impact points indicates the potential for reduced size of retrieval system and
improvement for operations In a tactical environment.

5.5 ELECTRICAL GENERATORS

Electric power for the RPV-STD system is supplied from Government-furnished
diesel electric generators rated at either 30 or 45 kW. These generators were
mounted by LMSC on Government-furnished utility trailers, generally designed
to accommodate either generator. LMSC has provided specific mounting hard-
ware for the 45-kW units; the 30-kW units were delivered on their respective
trailers. Table 23 shows the trailer type and associated generator as delivered

to the Army.

In addition to having the generators mounted on trailers, a power control
switch box has been designed and installed on four trailers. The switch box
provie auxiliary fusing and permits transer of electric loads between gen-
erators in case of a generator failure. Nominally, one generator provides the
GCS air-cmditiontng loads and another supplies all other electric power for
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the GCS and the launch and recovery systems. Two of the trailer-mounted

generator assemblies are shown In Figure 146.

5.5. 1 Detail of Generators and Trailers

The following subsections provide characteristics for the generators and

trailers used in the Aquila RPV-STD programs. Estimated maximum peak

power required for the ground support system is approximately 17 kW. Sig-

nificantly larger generators were used (1) because they were more readily

available as GFE, (2) they provided margin sgainst unexpected power drains,

and (3) they provided auxiliary power for test observation vans, and test equip-

ment not directly associated with the system.

5.5.1.1 John R. Hollingsworth Model JHDW45A Diesel Generator Set. The

Hollingsworth Model JHDW45A generator set Is a portable, skid-mounted,

JI

Figure 146. Trailer-Mounted Electrical Guenerators
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winterized, self-contained unit. It is provided with the controls, instruments,

and accessories necessary for operation as a single unit and for operation in

parallel with other generator sets. This generator set can be connected to

deliver three-phase four-wire, 120/208-V, 240/416-V, or 120-V, three-

phase, three-wire, 60-cycle alternating current (ac). The ac generator is

directly driven by a six-cylinder diesel engine. Engine speed is regulated by.

an electric governing system. All operating controls and major components

are readily accessible through hinged doors mounted on the housing. A lifting

eye is located on top of the lifting frame. Towing eyes are provided at each

end of the skid frame. An auxiliary fuel hose is stowed on the left side of the

generator set. A paralleling cable is stowed in the tool box. The winteriza-

tion equipment consists of an engine heater and an ether primer.

The Contn ntal Model TD427 diesel engine is a liquid-cooled, six-cylinder,

valve-n-head, four-stroke-cycle, full diesel engine. It is rated at 83 hp at

1,800 rpm, and 75hp at 1,500 rpm. When orated under full load, the en-

gine speed is governed at 1, 800 rpm. An altitude compensator is provided in

the air intake system to maintain engine power at altitudes up to 8,000 ft above

sea level. The engine has a 24-V, negative grounded electrical system with

two 12-V batteries and a battery-charging system including alternator, recti-

fier, and voltage regulator. 'Ine engine is equipped with a primary fuel filter,

two secondary fuel filters, two identical lubricating oil filters, and an air

cleaner. Coolant is circulated through the engine by a water pump. Safety

devices are provided to stop the engine automaeifcally in case of high coolant

temperature, low oil pressure, low fuel level, or overspeed. An Electric

Machinery Model 6314540 generator is used.

5.5.1.2 Hol-Oar Model CE-301-AC/WKl Diesel Gemrator Set, The Hol-Gar

Model CE-301-AC/WKI generator set is a proeise-power, fully winterized

30-kW, 60-cycle, single- and three-phase unit, convertible to a 2-kW, 50-
cycle unit. It is completely enclosed with a sheet metal housing. Doors are
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provided for easy access to the generator set components. The instruments

and controls necessary for the proper operation of the generator set are lo-

cated on the instrument panel at the rear of the unit.

Many physical features of this generator set are similar to those of the

Hollingsworth model, including towing eyes, auxiliary fuel hose, and engine

heater. The engine is a three-cylinder diesel, Model 5033-7101, made by

Detroit Diesel Engine Division of General Motors Corporation. The generator

is a Westinghouse, style 653J044G01, with voltage options of 120/208, and

240/416. Voltage of 60 Hz is provided at 1,800 rpm and is maintained

within 4 percent of rated voltage throughout the load range.

5.5.1.3 Consolidated Model 4150 Diesel Generator Set. The Consolidated

diesel generator set, Model 4150-0009, is a self-contained, skid-mounted

unit. It is powered by a six-cylinder, valve-in-head, four-cycle, full diesel

engine, which is connected to the generator by a disk coupling. The necessary

controls and instruments for single or parallel operation, and for operation of

the winterization equipment, are located on the instrument control panel.

Accessories are accessible through hinged side and rear doors. The gene-

rator is equipped with a lifting link located in the center of the housing roof.

Towing holes are located at each corner of the skid frame to facilitate easy

movement.

The physical features of this generator set are similar to those of the two

already described. A Continental TB427 six-cylinder diesel engine is used

(the same as that used in the Hollingsworth set). The generator provides

voltages of 120 delta, 120/208, and 240/416.

5.5.1.4 2.5-Ton. Two-Wheel Generator Trailer, Chassis M200A1. This

2.5-ton, two-wheel generator trailer chassis consists of a frame onto which

are secured two generator mounting support assemblies and two step-Jack

assemblies. This trailer has a retractable landing leg in front and step jacks

in the rear. Extending downward from the rear of the frame is a retractable
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landing leg assembly used for support of the front end or nose of the chassis

when uncoupled. It is equipped with a conventional tubular trailer axle with

dual wheels and a spring suspension. A lunette is located at the front end of

the frame for attachment to a vehicle equipped with a drawbar or towing pintle.

The trailer chassis can be towed over prepared roads with loads of 6,200 lb at

a maximum speed of 55 mph and over unimproved roads, trails, and open roll-

ing terrain with loads to 6,200 lb at a maximum speed of 30 mph. It will ford

hard-bottom water crossings to any depth that can be negotiated by the towing

vehicle.

The trailer chassis is towed by the 2.5-ton 6-by-6 cargo truck M35 or similar

vehicle.

5.6 GROUND SUPPORT, TEST, AND CHECKOUT EQUIPMENT

Ground support equipment (GSE) for the Aquila RPV Involves a number of

unique items that required specific design, and in some cases development,

to accommodate the unique requirements associated with an RPV system.

These requirements include RPV handling, RPV assembly, RPV checkout,

RPV fueling, engine starting, RPV power-up, and RPV subsystem testing. In

addition, certain standard instruments and tools were required for conventional

surveying and electrical checkout activities and for maintenance and assembly.

The following paragraphs briefly describe this special Aquila ground support,

test, and checkout equipment. Additional information is provided in Refer-

ence 18.

5.6. 1 RPV Assembly and Handling Equipment

Supporting the RPV during assembly and checkout, and moving the assembled

RPV to the launcher, require special fixtures. This requirement arises pri-

marily because RPV elements such as the payload dome and antenna must be

proteoteA and because the RPV has no landing gear of its own.
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5.6.1.1 RPV Assembly Stand. The assembly stand is constructed simply

from welded aluminum angle, industrial casters, and clamps, as shown in

Figure 147. The frame serves as an assembly stand both during manufacture

and in field operations. Four rubber pads are provided to support the RPV

at its hard points near the wing root. Assembly clamps are provided In con-

junction with the rear supports to secure the RPV to the stand. In addition,

an adjustable over-center looking clamp arrangement is provided to engage

and hold the RPV by its launch skeg. By proper bracing of this look mech-

anism to react thrust loads, and by proper anchoring of the stand (sandbagging

the wheels the stand is also used as an engine run-up stand.

5.6.1.2 RPV Handling Frame. The RPV handling frame consists of a pipe

and tube frame and is used to move the RPV from the workstand to the

launcher. The equipment spliti in half so that it can be easily moved into

position around the RPV when on the assembly stand and Is then bolted to-

gether and attached to the airframe with nylon straps. Two carrying handles

at each end of the frame allow two men to carry the plane easily, one walking

in front of the plane and one behind. Figure 148 shows the RPV being put on

the frame and transferred from the workstand to the launcher. In this case,

there ti a man at each corner of the frame so that the RPV can be carried up

the steps at the end of the launcher. The four-man carry was typically used

during the field testing. The frame is constructed so as to permit the RPV to

be set down on the ground without loading any component of the RPV such as

the payload dome or duct.

5.6.1.3 Mountim Steps. Metal steps are provided for personnel access to

the launcher truck bed on either side of the rear of the launcher. These steps,

shown in Figuwe 148, permit acoem to the launcher and its subsystems, and

allow personnel to ascend to the launaher shuttle while carrying an RPV. A

similar st of steps with hand rals is provided for the ground-station truck

bed to allow personnel access to the ground station.
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5.6.2 Equipment for RP V Preparation, Checkout, and Test

The Aquila RPV must be checked out quickly under field conditions. This re-

quires both special and standard test units. These are described In the fol-

lowing paragraphs. Additional description and application data are provided

in Reference 17.

5.6.2.1 RPV Power Sunly and Control Panel, Ground power (28 Vdc) for

test and operation is provided by a rugged DIGIAC PP62241U power supply and

is selectively distributed by an RPV ground control box specially designed by

LMSC for the Aquila system. Both units and the RPV umbilical power cord are

shown mounted to a carrying board in Figure 149. The system is powered by

110-V 60-Hz alternating current. The carrying board permits transporting the

system from the checkout area to the launcher. Figure 150 shows the R1IV con-

trol box panel and designates the various controls and switches. The primary

Figure 149. RPV Power Supply and Control Panel

311



2~ OFF ONOs WITC 7$GITO OFF#U 54 TC

4 TELMETRYON/FTICPUOTPTTV OE

Figur W150 P oto aeCnrl eetce

kill a Figurper re50. Tbs ControPane l i ontrl anhecpt actle-

sotng.

5.6.2.2 INMlit Tis bssti, 'derives Its name from, it lnstla-
tics In an alumnm suitoas for trmmtta~ trugdfeda a-
must. The unit is mAdetoa *ft V~h ATA of Nv ,Oklahoma.
The =fit Is pictared in ?Wnr 111.

The uitcase tister provkdes a meas for pound testng of the RJPV, at
fth assembly arma or on doe launcher, to ensure that All systems are function-

ing properly. The tester "mads commands to the PV and verifes proper

612



Figure 151. Suitcase Tester

responses to the commands. The digital command signals are transmitted to

the RPV via the uplink. The digital downlink data are checked against preset

parameters In the tester for a go or no-go condition.

Figure 152 describes the controls and indicators on the tester console. There

are three programmable read-only memories (PROMs) in the tester, each of

which contains a command memory, an upper-response-limit memory, and a

lower-response-limit memory. With each PROM, the three memories are

counected on a common address bus so that, when a specific command is pro-

grammed, the corresponding upper limit and lower limit will be programmed

at the same time. Each PROM Is programmed to contain eight 32-word frames

in each of Its three memories. The tester Incorporates automatic and manual

* provisions for testing the RP V.

Details of the RPV checkout procedures and use of the suitcase tester are de-

fined in Reference 17.
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5.6.2.3 Air-Data Test Set (ADTS). As an augmentation to the suitcase tester,

the air-data test set provides a calibrated air pressure source for checking

the accuracy of the altitude and airspeed transducers in the RPV. The unit

was fabricated by LMSC for Aquila field testing. The panel of the unit is shown

in Figure 153. The static and dynamic pressure controls permit Input through

tubes and sealed fittings into the RPV static and pitot pressure parts. Corres-

ponding responses from the autopilot are monitored by the suitcase tester and

a digital multimeter. The setup for this test is shown in Figure 15(, which

also depicts an alternate test procedure using a U-tube water manometer and

rolling clip to create known pressures at the pitot and static tubes.

5.6.2.4 Elevon Protractors (Deflection Angle Markers). Elevon protractors,

fabricated of thin-gage aluminum sheet, are provided to aid in RPV checkout.

These protractors indicate elevon position as the suitcase tester activates the

various RPV responses. The protractor units clip to the outboard end of the

elevon cutout. The units do not restrict elevon motion. Adjustment is pro-

vided to calibrate (match) the zero indication with the zero deflection position.

5.6.2.5 RPV Fueling System. The RPV bladder fuel tank requires a special

fueling system to Inject the RPV fuel efficiently and leave no air residue or

bubble. The system, fabricated by LMSC, comprises a fuel tank, a sight glass

for determining the amount of fuel in the tank, valves for regulating the direc-

tion of fuel flow (out of or into the system), and two hand pumps, one for pump-

ing fuel into the RPV fuel cell, and the other for withdrawing fuel from the RPV

fuel cell and pumping it into the fueling system. The system is shown in Figure

155. The defueling pump can also be used to purge the RPV fuel cell of entrained

air. The system is designed so that, when the RPV fuel cell is filled complete-

ly or partially, no air is trapped within it to cause engine besitatiou or failure;

also, the operator can determine exactly how much usab feel has been trans-

ferred into the RPV fuel cell by compariNg beginning Mfira readog on the

sigt glass.
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-CODE

I ALTITUDE INDICATOR
2 ALTITUDE GATE VALVE

4 STATIC PRESSURE BLEED VALVE

7 5 POWER CORD (110 VAC, 60 H2)
6 ON/Off TOGGLE SWITCH
7 STATIC PRESSURE COURSE CONTROL

S DYNAMIC PRESSURE COURSE CONTdROL
9 DYNAMIC PRESSURE BLEED VALVE

1 0 DYNAMIC HOSE
Ii AIRSPEED GATE VALVE
12 AIRSPEED INDICATOR

Figure 153. Air-Data Teot Set, Controls and Iniftators
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VENt AND TANK
LID HANDLE

QUICK DISCOt#ECT
TO aWV KML CELL KA FILL

SCALE GLASS
(nU1L. LB)

TANK

IO"lu
VALVE

PILL
VALVE

Figure 155. RPV Fuelin bystem,

5.*6.2. 6 Engne Starter Offand:Reld~ RPV checkout operations require start-
Ing the engine before placement of lohe RPV an the laucher, where the auto-

made. atarter can be used. Consequattly, a hand-held starter assembly was

ocaubuoctsd. The starter power uit, made by R&D Enterprises, is shoya in
Figures 156. The unit Is basically an automotive starter unit and relay mounted
to a hend-held frame. The unit Is completed by the addition of a undirectional
Daudix drive and shaft.

This aOwsmtpemt torque front a Started engine from overdriving
the starter M101. noe drive AaRt is s~ote to mate with the pindcylinder
in the popefler hub. A stadar 12-V car or truck battery is sed to power
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5.6.3 Standard Equipment and Tools (Government-Furnished)

In support of site setup, equipment maintenance, RPV/GSS checkout, and

assembly and site safety, standard Government-furnished equipment is pro-

vided. This equipment is listed in Table 24.

TABLE 24. STANDARD GOVERNMENT-FURNISHED
EQUIPMENT AND TOOLS

Item Federal Stook Number

Tool Kit, Shelter 5180-00-987-9796

Tool Kit, Electronic 4935-00-532-9112

Tool Kit, Instrument 5180-00-699-5273

Pump, Hand 4930-00-276-0087

Shovel, Hand 5120-00-222-4505

Pick, Digging 5120-00-187-8679

Hammer, Sledge 5120-00-243-2957

Survey Set, 5th Order, Service As required

Theodolite, Survey 6675-00-232-8972

Extinguisher, Hand 4210-00-202-7858

Extinguisher, Wheeled 4210-00-203-0341
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Section VI

SITE GEOMETRY AND SELECTION

An Aquila operational site contains all of the elements necessary to support

flight operations In a field environment. All system components are mobile

and/or portable; the entire system can be transported using two M36 and two

M(35 Army trucks, and the trailers for the recovery system and the generators.

No site preparation is normally required prior to site setup, with the excep-

tion of an existing benchmark or one laid in from other benchmarks and the

clearing of possible flight obstructions.

6.1 SITE GEOMETRY

TheAquila system requires a site that is approximately108by72 m, is reason-

ably level, and varies in elevation no more than approximately 6 m boundary to

boundary. The launch and recovery corridor should be oriented into the pre-

vailing wind when practicable, and must be clear of obstructions as described

In subsection 6.2. Clearance must exist for the 4-deg descent angle and climb-

out angle dictated by RPV weight and density altitude. The site is composed of

the following basic elements:

* Ground control station (GCS)

* Launcher

• Retrieval system

* Assembly tent (optinal)

* Generators

* Fuel storage area

* Grid reference benchmark

The orienttions of these elements are interdependent. Layout restrictions

Imposed by individual elements are described In subsection 6.2. A typical site

layou is llushitrated In Figure 157.
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GRID NORTH
EVAILING STAKE

(", (EXAMPLE) 
36 M 

ALTERNATE POSITION.
APPROACH CAMERA

RETRIEVAL (IF WIND IS FROM OPPOSITE
SYSTEM DIRECTION)

36 M

APPROACHCAMERA LOCATE NORTH OF OCS AND

INTO PREVAILING WIND

~LAUNCHER

NORTH POSITION HERE IF
NTOTHER LOCATION WOULD

REQUI0E LAUNCHING
72 M TOWARD GCS (IF WIND WAS

POSITION INTO PREVAILING FROM SOUTHEAST)

WIND. DO NOT PARK BETWEEN
OCS AND RETRIEVAL SYSTEM, is

BENCHMARK
GCS (EXAMPLE)

GENERATOR
TRAILERS

ASSEMBLY
TENT

LOCATE SO THAT SMOKE
AND NOISE ARE AWAY
FROM GCS DOOR

Figure 157. Site Layout (Typical)

.i2 SITE DESCRIPTION/SELECTION

Due to the number of variables in the site selection process, it is difficult to

specify briefly the requirements for an acceptable site. Terrain, foliage,

ground elevation, and climate all influence the choice of the site location. The

Aquila system is designed to permit flexible operation over wide operating

limits, and exceeding these limits during flight operations will not "fall" the

system. However, system operation from nonoptimum (i.e., non-fiat) grounc

sites, such as at the foot of bluffs, or on hillsides, may affect total system
flexibility (i. e., sector of operation) and/or mission capability; the ultimate

selection of a site must therefore consider the overall objective of the flights.

321



6. 2. 1 Site Selection and Arrangement

General site selection and arrangement are determined with regard to the fol-
lowing requirements: site density altitude, command and control line of sight,
launch and recovery corridors, system layout, and mission.

6.2. 1. 1 Site Densityv Altitude. The Aquila RPV is designed for use at or below
a rated service ceiling of 12,000 ft. This value is equated to density altitude,
which can be computed by correcting pressure altitude for nonstandard tem-
perature variation. Although often close to absolute or "tapelirie" altitude,
density altitude is highly dependent on temperature. Figure 158 contains a
graph for computing density altitude given pressure altitude and temperature.

RPV rate of climb after launch is inversely related to density altitude. There-
fore, operating sites should not be selected in areas where ground elevation
and temperature combine to create launch conditions at density altitudes in
excess of 8,000 ft. At density altitudes above this value, RPV climb perform-
ance is not adequate to permit safe launch and recovery operations.

6.2.1.2 Command and Control Line of Sight. The command uplink and status
downlink frequencies used in the Aquila system (4,861 MHz and 4,530 MHz, re-
spectively) allow RPV command and control under line-of-sight conditions only.
The single exception to this requirement would occur when the dead-reckoning
flight mode (see subsection 3.4.4, Vol. 11) is made available for flights behind
obstructions such as hills or mountains.

For launch and recovery, clear, unobstructed line of sight between the RPV
and GUS is mandatory; therefore, the site should be selected to provide a clear
line of sight to the airspace over the entire area to be overflown. The GCS
should be located clear of terrain obstructions and as high as system layout
restrictions outlined in subsection 6.2. 1.4 allow. GCS operation near con-
ductive structures (e. g., high-tension towers and cyclone fences) should be
avoided to prevent command and control link shielding or beam distortion.
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6.2.1.3 Launch and Recovery Corridors. The Aquila RPV was designed for

balanced launch and recovery performance. Since nominal climb and recovery

approach angles are the same, similar terrain restrictions apply to both

launch and recovery. The Aquila RPV has demonstrated a launch and recovery

flightpath of 4 deg above the horizon. To ensure sufficient terrain clearance

dtring launch and recovery, there should be no obstructions (1) higher than

Im for a distance of 100 m, (2) higher than 2 m for a distance of 300 m, and

(3) higher than a 2-deg slope above the 2-m height from 300 m to 1,000 m

within 45 deg of each side of the projected centerline (Reference 17, Vol. M,
and Reference 5). In areas where this is impractical, operation is still pos-
sible if a corridor at least 25 m wide and 1,000 m long along the centerline

can be cleared as described.

6.2.1.4 Site Layout Requirements. Once a relatively level, accessible loca-

tion has been selected that satisfies the above requirements, the site is laid

out as follows.

Retrieval system. The retrieval system consists of two trailer-mounted ver-

tical nets with a horizontal landing net strung between them, and a final-approach

video camera assembly with two camera stands. The vertical nets are mounted

on two M345 trailers which are fully mobile until the system is erected. The

horizontal net should be positioned into the prevailing wind if possible (but no

more than 40 deg off). If obstructions cannot be removed because of their type

or lack of time, the horizontal net should be oriented in the direction of the

fewest obstructions. Obstructions are defined as objects higher than 2 deg

above the horizon for a distance of 1,000 m from the center of the net.
b

Only the upwind vertical net is raised; the downwind net is assembled but not

raised. If the wind is from the opposite direction when the RPV returns, the

net that had been at the downwind end is raised and the other net is lowered.

The approach oamera position is also reversed. r
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The nets should be located on a reasonably smooth area so excessive blocking

will not be necessary to level the trailers. Also, all bushes, rooks, etc.,

must be removed from the area beneath the horizontal landing net to prevent

RPV damage on retrieval.

When the location of the retrieval system has been selected, a stake is plaoed

in the ground at the center of the desired net location. Additional stakes are

used to mark the locations of the approach camera stands after their positions

have been calculated. A 30-m surveyor's tape is provided for this purpose.

An approach camera stand is positioned at each end of the horizontal net and

on its centerline, with the distance from the center of the net to each stand

determined by the formula:

D = 45- (L/2) (4)

where D is the distance in meters from the center of the horizontal net to the

camera stand, and L is the horizontal net strap length in meters. This ad-

Justment is necessary to maintain a fixed relationship between the vertical nets

and the camera stands.

The camera stands must be adjusted to position the camera body approximately

1.5 m above the ground. On uneven ground it may be necessary to raise or

lower the camera support until it is approximately even with the bed of the

nearest trailer. To prevent obstruction of the approach path, the camera sup-

port should not extend above the bed of the nearest trailer. For a rapid visual

check of camera stand alizfmmt, an observer at one stand should be able to

see the top of the other stand centered ove the alignment targets mounted on

each trailer. The aiprooh camera assembly Is mounted on the camera stand

used for the primary recovery direction (the upwind stad and is centered on
the approac slope, locking tou the vertical nets, using procedures con-

ttmied in Reforenoe 17, Vol IM.
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The approach camera stands are connected to the GC8 using three bables, one

6577245-501 and two 6577245-503. The -503 cables, each 45 m In length,

are connected to the approach camera stand J-boxes, and are then routed ang

the side of the recovery net facing the GCS. The -501 cable is connected to

the GCS, and the other end is positioned next to the two mating ends of the

-503 cables. The alternate final approach camera location is selected by mov-

ing the camera assembly to the other stand, connecting the appropriate -503

cable to the -501 cable, and aligning the camera to the new recovery slope.

Detailed descriptions of the erection and alilpment of the retrieval system

are contained in Reference 17, Vol. M.

Lnheer. Primary and secondary launcher positions are selected to provide a
level platform for the launcher, and to permit use of the same flight corridors
required by the retrieval system. Once the launcher positions are selected,

they should be staked and surveyed. During launch operations, the launcher

must be positioned over the survey stake to ensure a proper prelaunch IWtal-

zation. The launcher is connected to the GCS using the 45-m cable 6577243-

501. If additional length is required, a 45-m extension cable Is provided.

The launcher should be positioned into the wind as much as conditions allow;

however, the launcher must not be positioned so as to launch over other ele-

ments of the site, or toward ground obstructions not n aooordance with sub-

section 6.2.1.3. Specifio launcher elevation angles and launch pressures are

described in subsection 5.2.

Ground Co tation. The OCS Is the central cmponent of te Aquila site.

Since all power and control cables are routed through the OCS, its lcoadon is

critical to the operation of the system. The following conaderatos should be

followed In placement of the CS:

* Attke. The GOC should be located in a relatively flataea with

easy accea to all system components. The parking direction is nt

critical. For ubstructed tracking, the 0CS must be leveled to
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within k 3.0 deg, both laterally and longitudinally. At greater angles,

insufficient clearance exists within the tracking antenna radome to

permit antenna rotation. This requirement is best attained by placing

an inclnmeter on the floor of the GCS, and moving the truck as

required. In areas where no adequate level location is available,

jacking one side of the vehicle, digging away ground, or letting some

air out of the tires may be necessary. Once the proper location is

selected, the truck parking brake Is set, the wheels are blocked,

and the lightning protection system is installed.

0 Retrieval System Orientation. The GCS should be located from 15 to

75 m from the center of the retrieval system, on a line as perpendi-

cular to the planned recovery path as conditions allow. The maximum

distance of 75 m is determined by the length of the ground camera

cable. The requirement for perpendicularity and the 15-m minimum

spacing are necessitated by the tracking antenna slew rate limit of

30 deg/sec. RPV flight close to the tracking antenna could cause loss

of track f the antenna slew rate is exceeded.

* jnher to GCS Orientation The GCS must be located from 15 to

90 m away from the launcher. Maximum distance is determined by

laumber cable length; the minimum distance is controlled by tracking

antana slew rate limits. Additionally, the tracking antenna should

not be elevated mre than 2.0 deg above the RPV when mounted on

the launoher to avoid tracking antenna pattern nulls that could cause

loss of link or falhae to lockup the data link for checkout.
* &.2,A, u Line of Mo. The GCS-mounted twking antenna

must have a clear line of sight that covers all anticipated types of

missions to be flown, with the exception of dead reckoning leg.

o. The assembly tent is an optional Item. When an assembly

tat Is u d with the Aqila syshem, It should be located withfn 45 m of the

GOCS. The locado =st provid access to the launcher mnd retrieval not to
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allow hand carry of the RPV to and from those areas. The tent should not be
installed within the launch and retrieval corridor.

A tent J-box is provided that connects to the GCS using a 76-mn cable (6577244-
501). The .7-box to mounted in the tent and provides 120-Vac 60-Hz power, and
an tnterphone station for communication with other site elements.

Fuel Poage. The fuel storage area must be located a afe distance away from
all other elements of the ground system. Access to the assembly tent area is
required to supprt flight operations. Current Army directives regulating the
storage and handling of aviation gasoline and diesel fuel govern the methods of

storage authorized.

Geg~r5tors. Two 30-kW diesel generators (Hol-Gar, Model CE-301-AC/WK1
or equivalent) provide all required site power. For mobility, these units are
mounted on Army T52 utility trailers. The generators should be positioned
downwind as far as practical from the GC5 to minimize nois and eliminate
fume hazards. The maximum distance in 45 m due to cable length. The gene-
rators are connected to the 008 using two parallel 45-rn cables (6577241 and
6577242). The two gee ar are Interconnected using a 7. 6-rn cable (6577253).
Specific euieet for generator grounding and operations are covered In
thes applicable generator operator's manual and in Rference 17, Vol. MI.

Grid A&M aggbMM Each site to beused for flght operations must be
provided with a grid reference benchmark. The benchmark must provide the
folilowing tnfozmatlam

(1) UTU grid nouthing: 60. 1rM
(2 UTU grid sastng: *.O1lM
(3) Usnhbmark elevation: *O. m
(4) UTX VUi mot bearing: I 1 uadian
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The benchmark must be located in an area contiguous to the site, with unre- 7
stricted fields of view to the GCS, retrieval system, and launcher. Also, the

benchmark should be located between 10 and 50 m from the GCO tracking antenna

to facilitate antenna alignment.

The UTM grid north reference should be provided by positioning a target stake

approximately 20 m from the benchmark and in an area where it is visible. If

no target stake can be provided, a small landmark, located more than 2 km

away, can be referenced from the benchmark If repeatable *1.0 mradlan bear-

ing accuracy is attained.

Once the benchmark is surveyed, the Government-furnished thedolite is set up

over the benchmark and aligned to grid north. Grid bearing and distance from

the benchmark to the launcher stake. and retrieval net stake are measured

using the theodolite and surveyor's tape. The distance between the benchmark

and GCS tracking antenna is also measured. These vab es are reorded for

later entry into the computer during site initialization. Use of the theodolite

for antenna azimuth alignment and recovery bearing determination is described

In Section VII.

6.2.1.5 Mission Rembrements. As stated earlier, the requirements for site

selection have been established to provide optimum field operating conditions.

Mission requirements may dictate variance from the site selection parameters

stated above. The field test results obtained to date demonstrate that the
current Aquila system can be successfully operated under nonoptimum site

conditions. Sinoe mission considerations must take precedence during mll-

tary operations, it is therefore necessary to accept less than optimum site
selection criteria at times when the tactical situationwarrants the attendant

risk.
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6.3 PROGRAM REQUIREMENTS AND CAPABILITIES

The requirements for the Aquila demonstration program that relate to the site

selection and geometry are as follows:

" Launch and retrieval of the RPVs must be accomplished from

unprepared sites.

" Insofar as feasible, all ground support equipment required for

transportation, loading, unloading, servicing, or a source of power

at the user level shall be standard items of equipment listed in

SB 700-20.

" Ground transportability requirements shall be compatible with

existing conventional Army ground vehicles.

6.3.1 Demonstrated System Capabilities

During the period from January 1976 to December 1977, LMSC and Army

personnel conducted almost 150 flights of the Aquila RPV from three

different operating sites at Fort Huachuca, Arizona. These operations were

conducted using site selection and preparation procedures as outlined above.

All components of the ground site are currently transportable using existing

Army ground vehicles. These successful flight tests demonstrated the com-

pliance of the ground site selection and layout criteria with the Army require-

ments for an operable RPV system that is compatible with existing Army sup-

port equipment.

iI
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Section VII
SYSTEM OPERATION

This section describes the man-machine interface required to enable the hard-
ware to perform the RPV missions In a safe and efficient manner. This sec-
tion also highlights the overall operational capabilities designed for the Aquila
system and describes briefly the development of these capabilities.

7.1 OPERATIONAL SCENARIO

From the inception of RPV-STD program, Aquila was considered nat simply
a flight vehicle, but rather an entire weapon system. Beginning early In the
preliminary design phase, functional flow analyses of the entire system were
conducted to identify and study the Interrelated actions required between
components of the system and with their human operators. Scenarios-were
developed to establish the functions required for mission performance, and
to ensure that the system had the desired flexibility to meet or exceed ali of

the required operational capabilities. Direct outputs of these studies were:

a Types and numbers of personnel required for system operation

* Number, type, and placement of operator controls and displays
o Functional assignments for personnel
e Plans and proceduires for a sequenced flow of events from arrival at

the unprepared site, through flight operations, to departure from the

The following scenario summarizes the activities required for a typical Phase
t VVtre designation mission.
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7.1.1 Site Setup Design

The Aquila system is to arrive at the preselected, unprepared site on several

M35 and M36 trucks and trailers. The site elements are located in the proper

operating relationship to each other, the system components are unpacked and

erected, and the location of the key site components are surveyed in relation

to the benchmark. When all of the site cabling is completed and site power is

on, the site is fully operational and is ready for RPV assembly and checkout.

7.1.2 RPV Assembly and Checkout

RPVs are uncrated, inspected, and assembled in the assembly tent. The re-

quired payload is installed, and all electronic assemblies are connected and

secured. The assembled RPV is connected to the portable RPV system test

set (suitcase tester), and all mechanical and electronic flight readiness checks

are completed. If the RPV passes all of these checks, only the rf data link

and engine remain to be checked prior to launch.

7.1.3 Mission Planning

While the RPV is being assembled and tested, the pilot and sensor operator

are plamft the mission. Using the mission requirements as a guide, they

decide on the route to be flown, including the altitudes and airspeeds required

for maximum mission perforn ce, as well as terrain and climate. Once

the mission profile is established, the crew enters the waypoint parameters

on a waypoint programming form for review by the site commander. This

form is used later to preprogram the computer prior to launch.
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7.1.4 Prelaunch Preparation

When the mission has been reviewed and approved by the site commander and

the RPV assembly checks are complete, site prelaunch preparations begin.

The launcher and retrieval system are checked and prepared for operation,

and the RPV is mated to the launcher. Inside the ground control station (GCS),

all ground electronics are tested. Data for the planned flight are entered into

the computer via a short series of interactive programs that "prompt" the system

operators for the information required by the computer to control and monitor

the flight. The system checkout is also computer aided, including a
system self-test.

7.1.5 Launch

At the completion of the GC8 ground system checks, the RPV ground power is

turned on and a full data link Is established with the OCS. At this time the final

RPV and GCS control checks are accomplished by the GCS operators and by the

computer. The engine Is started, and the RPV changes to internal power. As

in previous checkout phases, the computer steps the operators through the

final check with instructions and queries on the teletype. The computer auto-

maticaUy compares critical subsystem performance against programmed go/

no-go criteria. The computer verifies acceptable performance for the operators

and identifies anomalous situations for resolution or override. The pilot reviews

the status of the vehicle and fires the launcher. The RPV is now airborne.

7.1.6 Cruise and Navigation

'The RPV, now commanded by the ground computer, automatically climbs to the

preset altitude and begins to fly to the first programmed waypoint. From this

time in the mission uMtil the final auproaoh for retrieval Is initiated, the RPV

requires lttle human interventlon. The vehtole will prooeed from waypoint to

waypont, t h aalt , arspeed, and heading to fly the

min proffi phumd prior to launch.
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The GCS operators monitor the flight's progress on their displays. If a change

to the preprogrammed flight plan is desired, the RPV pilot, at his discretion,

may reprogram the computer with a new flight plan, or command the RPV

autopilot directly with real-time manual flight commands. This combination

of preprogrammed, reprogrammed, and manual command modes provides

the Aquila system with a degree of mission flexibility sufficient to meet almost

any tactical situation occurring while in flight.
9

As changes in wind velocity and direction cause the RPV to drift off the pro-

grammed course, the computer senses the drift offset and commands changes

in the RPV heading to bring the vehicle back on track.

7. 1.7 Search and Loiter

When the target area is entered, the RPV pilot may command SEARCH. At this

time the RPV will leave the preset ground track and begin to fly one of the pre-

programmed search patterns. These patterns allow the RPV to fully cover the

ground area of interest. At the same time, the sensor operator is controlling

the RPV's stabilized video payload in an effort to locate one of the mission

targets. As soon as a target is detected, the sensor operator uses the pay-

load laser ranger to fix the range to the target. The computer then computes

the target's universal transverse mercator (U TM) position. When the pilot

commands LOITER,the RPV is flown in a circular pattern by the computer so

that it will remain in the immediate vicinity of the target. For a Phase V

designation mission, the RPV site then contacts a Copperhead laser guided

projectile battery and forwards the coordinates of the target to them, requesting

fire support. When the battery is ready to fire a round, the RPV site is

informed, and the sensor operator locks onto the target, activating the laser

designator. The target is now illuminated for the laser homing warhead. The

battery fires, and, immediately after weapon impact, the RPV sensor operator

confirms the weapon's effectiveness. The RPV operators are now free to locate

other targets, or to return the RPV to the recovery area as the mission dictates.

The RPV returns to the ground site in a manner similar to the outbound flight legs.
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7.1.8 Recovery

The computer returns the RPV to the site via a waypoint designated as the

initial fix. From this point in the flight until initiation of final approach, all

flight commands are generated by the computer. After the RPV reaches the

Initial fix, it descends along a preprogrammed path that has been selected to

provide maximum terrain clearance in this critical flight phase. When the

RPV attains the outer marker (waypoint where final approach is initiated), it

is normally 1 km from the vertical retrieval net and 75 m above the ground.

7.1.9 Final Approach

The final approach path, or glide slope, Is defined by a final-approach video

camera on the ground which looks up, through the center of the vertical net,

at a 4-deg angle. The sensor operator monitors the ground video display

beginning with the RPV's descent from the initial fix. When the RPV Is located

on the ground video display, the sensor operator, using a joystick, places a

video cursor on the RPV Image and commands final approach as the vehicle

passes the outer marker. With the RPV In final approach, the sensor oper-

ator continues to track the incoming image. Using signals generated by the

cursor, the computer provides guidance signals to the RPV that will keep it

centered on the glide slope. When the RPV Is captured by the vertical net and

falls Into the horizontal net, the flight Is completed.

7.1.10 Recycle

S Immedately after the flight, the RPV Is returned to the assembly area where

it can be recycled for the next mission. The checks performed on the RPV at

this time are similar to those mad &uoing Initial assembly and checkout.

Due to th variations that ane possible in the tactical situation, mission obJeo-

tires and RPV payloads, ths scenario to only rprsentative of the many
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options that may be flown. To explain the operational capabilities more fully,
a detailed description of the system operating modes Is presented below.

7.2 DETAILED OPERATION

Detailed system operation is best described as it relates to the personnel in-
volved In the operation of the system. The basic tactical crew consists of the

following assignments:

" RPV pilot

* Sensor operator
* RPV assembler/crew chief

" Launcher and retrieval system operator

* Site commander

* Generator operator

During Aquila flight test operations conducted to date at both Crows Landing
Navy Auxiliary Landing Field, California, and at Fort Huachuca, Arizona,

no attempt was made to operate the system with a minimum operational crew.

Additionally, the use of nondeliverable test and measurement equipment along
with the range operations requirements necessitated the use of larger opera-
tions crews. The system operation for a defined crew position is no differ-

ent for a tactical demonstration than for a flight test program. The responsi-

bilities of the various positions are described in the following paragraphs.

7.2. 1 RPV Pilot

The RPV pilot hap prime responsibility for the operation and saety of the RPV-
during fight operations. This responsibility begins during mission planning

where the jklot plots the proposed flIghtpath of the RPV on a standard 1:50,000
or 1:100, 000 scale military chart. Flight altitudes are chosen to provide line-
of-sight SPv coverage and ample height above to terraln. System operato
manualsa sd system capbilltos documents ar provided to asist in this function.

$ee
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The pilot is also responsible for data entry into the computer. Using the

teletype console located to the left of his position, the pilot enters the data
required by the computer during site setup, premission setup, self test, and

launch. 7lo assist the pilot with this task, preprinted forms are used to pre-

pare the data in the correct format for computer use.

At times when the GCS has control of the RPV, the pilot must monitor the

status of the RPV. Warning lights are provided for fuel low, alternator low,
and engine temperature high. Additional displays provide altitude, airspeed,

and heading, as well as a contimous video sensor display and an X-Y plotter
for present RPV position.

During flight the pilot may control the RPV operating modes through use of the
manual flight control panel. This panel permits selection of the computer-

controlled flight modes: waypoint, loiter, search, and dead reckoning (when

available), in addition to a manual real-time flight mode that provides direct

control of altitude, airspeed, and heading rate.

Prior to, or during the flight, the pilot may program waypoints into the oom-

puter using the waypoint guidanoe panel. A display Is provided to exhibit the
RPV commands currently stored in the waypoint register which the RPV will

respond to when in any of the "automatic" oomputer-oontraoled modes.

In the event of an in-flight emergency, the pilot is responsible for a rapid

analysis of the emergency, and he must apply corrective action when such

action Is possible. A oomp' oe understanding of the system as well as evalu-

L ~ston of all status indications are neossary to identify the required corrective
action. An in-flight diagnostio panel located on the center console provides
additional status Information that the pilot may require at these times.
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7.2. 2 Sensor Operator

The sensor operator's prime funotion Is control of the RPV sensor payload

during flight. The sensor control panel provides him with all the sensor con-

trols necessary to accomplish the mission objective. Depending on the mis-

sion to be flown, the sensor operator performs the following tasks:

e Real-Time Reconnaissance. Using either a stabilized or unstabilized

video camera, the sensor operator detects, identifies, and locates

the position of enemy battlefield elements. Video camera controls

are provided for Iris, focus, and zoom. The camera Is pointed using

a joystick hand control on the sensor hand control assembly mounted

in front of the operator.

* Photlogavpo Reconmlssance. The sensor operator remotely con-

trols the use of a 35-mm miniature panoramic camera that provides

high-resolution photographic imagery for poetflight Interpretation.

The oly camera controls available to the operator are camera power

aNo frame rate.

* Artillery Adjustmet. Using a stabilized video camera and payload-

mounted laser ranger, the sensor operator locates targets for fire

support missions and provides the UTM coordinates of the targets to

an artllery battery. lb assist in trsoking the target after it has been

located, the sensor operator controls a video autotracker which locks

onto the target Image and drives the payload gimbals as required to

keep the target centered on the video display. When the sensor oper-

ator ranges on the target using te laser, the computer calculates the

taret'sUTMcordnAtes, and displays them on the sensor control

panel. As artillery rounds Impact near the target, the sensor oper-

ator plaeos a movable video cursor on the burst point, and commands

BURST OflSKT.TIm computer is then to calculate the grid burst offset

coordinates for relay to the artillery battery. All laser controls, ARM,

YiltuWd PRF (ulse repetition frequency), ar controlled from the

mensor operator's position. (As indicated in Seotion 3.5.2.4, the burst

offset measurement formulation/scftwaro were not complete in time for

evaluatin.)
8338
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0 Target Designation. This mission requires the same payload and

controls as the artillery adjustment mission. However, the sensor

operator tracks the target, sending the UTM coordinates to the artil-

lery battery, then continuously designating the target with the laser

to provide illumination for the laser-seeking warhead.

The sensor operator is also responsible for the retrieval of the RPV. Using

the sensor hand control assembly, he selects the recovery direction of the

vehicle, controls the final approach camera, and commands final approach

while tracking the RPV on the video monitor with a movable cursor controlled

by his joystick.

At his position in the GCS, the sensor operator also controls the two video

recorders, the data link status panel, and the telemetry receiver panel. During

mission planning, prelaunch checkout, and flight operations, he assists the pilot

as required with the safe operation of the system.

7.2.3 RPV Assembler/Crew Chief

The crew chief is responsible for the assembly and checkout of the RPV. To

perform this function he requires the suitcase tester, an assembly stand, and

a set of standard mechanic's tools. The suitcase tester provides him with con-

trols that simulate the GCS in order to operate the RPV and assist with checkout

or troubleshooting procedures. During site setup, he performs the site survey

functions and asite in the initialization of the 0C0 tracking antenna. For

these functions, a standard field survey set and a theodolite are provided.

7.2.4 amncher and Retrieval System Operators

* The launcber and retrieval system operators are responsible for the setup and

oheckout of the retrieval system and for the operation at the launcher. Prior

to laumch they perform preventive maintenance and oheokout of the launcher.



During launch the launcher pneumatic system is controlled, using the launcher

operator panel mounted in a case near the launcher. The actual RPV launch is

activated remotely from the GCS. For recovery operations, V I operators
are responsible for the correct alignment and tensioning of the retrieval

net assembly, and for correct positioning of the final approach video camera.

7.2.5 Site Commander

The site commander is responsible for the total operation of the ground site and

for the safe, efficient completion of mission objectives. Since his responsibili-

ties are nontechnical in nature, they are subject only to Army requirements and

will not be expanded upon here.

7.2.6 Generator Operator

The generator operator is responsible for maintenance of the site generators.

During flight operations his duty station is at the generator interphone panel,

where he monitors the progress of the flight and stands by to perform energency

generator switching, or repair. Additional duties include general site mainte-

mmce and assistance with preflight site preparations.

7.2.7 Crew Training

The crew dutise described above were included in an LMBC/Army Training Pro-

gram conducted at LMSC and at Fort Huachuca. Instruction included one week of

classroom training on system description, operation, and limitations for all

students and a second week of classroom training on operation, organization- b.
level maintenance, and emergency procedures for each of the major components

(launchers, retrievers, ground control stations, and lPVs).,Two weeks of addi-

tonl on-the-job tainig (OJT) at Fort Huaohuca was scheduled, but since

training was mabordinated to the esgineering and test validation program and
shdftuls, most hanees we able to receive three to eight uowe of low-
IntemeW OT. ]a any event, Ws rainiag proved to be sufficient for subsquent
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flight operations using Army personnel. Certificates were awarded to Army

personnel for successful completion of the various training courses as well as

on-the-Job training (OJT) and demonstration of sldll qualification under the
Aquila program. Army personnel trained in the maintenance, operation, and

evaluation of'the Aquila system (see Table 25) mweeded the originally planned

delivery requirements because of (1) the added number of students assigned

by the Army, (2) the refresher training for 21 students made necessary by

schedule stretchout resulting from redesign, and (3) the certification program.
More than 90 successful flights were made by the 30 contractor-trained and

certified Army operations and maintenance personnel during the reported
period. (By time of publication of this report, the Army flight crews had

subsequently completed another 60 successful flights in a continuing series

of additional flight tests.)

Special hardware for a recovery system trainer-simulator that was made on a
related contract (DAAJ02-75-C-0055) was installed in the ground control sys-

tems consoles. This trainer-simulator provided an image of an Incoming RPV

on the sensor operator's TV screen, allowing him to practice RPV recovery

techniques and procedures without risking an aircraft.

TABLE 25. ARMY PERSONNEL PROVIDED AQUILA TRAINING

Classroom Students

Typeof AallaTraiivaOriginal Rtecuirement Delivered

A-Team Operators/Maintainers 17 21

B-Team Operators/Maintainers 16 81
Advanced Sensors Operaton/Maintenanc 9(a )  

23 (a)

Evaluators 10

Classroom Spaces Occupied (Total) S8
Personnel Trained in One or More Skills 48 63

Personnel Zroned in OJT 8 44
Personnel Completing C-'tiflcatlon (not mentioned) 80

(a) These uzubers include students previously given A or B teem training
and so-epeut-y traned In two or more of'the five sesor tVpe.
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7.3 REQUIREXENTS AND CAPABILITIES

System operational requirements are those that transcend individual component

requirements or specifications. Often such requirements are unstated or

implied. The specific requirements and capabilities of the airborne system

are covered in Section 31 this subsection discusses the overall system-

related requirements and the capabilities demonstrated during the flight test

program. The RPV-STD program description stressed the following points

relating to system operation: minimum personnel required, minimum skill
level, simplicity of operation, no site preparation, and minimum time required

for operation. The problem of developing a sophisticated RPV system that

would be simple to operate using minimum skills was successfully overcome

through use of a digital computer that controls many of the aspects of system

operation.

7.3. 1 Computer Software

The computer software (i. e., programs) allows the system to perform many

complex tasks in a very short period of time with minimal operator assistance.

The programs provide the following functions: site setup, premission setup,

trainer-smulator, self-test, launch, waypoint navigation, status displays,
target locsdon, burnt offset, recovery guidance, and postflight. A detailed
deeldVon of thee fnctons demonstrates the degree of simplificationf

Iaoved.

7.3.1.1 SiteS . a e and beazin from the benchmark to key site ele-

ments are entered lo the computer along with data on local magnetic variation

and the reovery bearing. The site setup program then calculates the UTM
oordinates of the OCS, launcher, retrieval system, and outer marker way-
points. The oomputer also inidalise. the Baldwin digital shaft enooder on the

OC8 askis g anUma to provide attona bearing data rebrenced to grid north.
All of these data se stored In nonvolatile core memory that only requires

updaig fr sin* relootim To assit In sits stup, a form Is provided to
eod required dat. This fWm is FWnd in Figu 159.
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01 BENCHMARK EASTING I I I (M)

02 BENCHMARK NORTHING I I I I I(M)

03 BENCHMARK ELEVATION L L ILt (M)

04 GRID BEARING TO ANTENNA I I I * J (DEG)

05 DISTANCE TO ANTENNA LLI (M)

06 GRID BEARING TO RECOVERY NET IL. (DEG)

07 DISTANCE TO RECOVERY NET L.I (M)

06 ANTENNA CORRECTION FACTOR I -L....ILJ (DEG)
SIGN

09 ANTENNA ELEVATION ANGLE L.,J L.L (DEG)
SIGN

10 THEODOLITE HEIGHT L..J(M)

11 GRID BEARING OF PRIMARY APPROACH PATH LI.I.J (DEG)

12 LOCAL MAGNETIC VARIATION lG4 L (DEG)

SIGN

Flpn 15S. Ste 86tp Dat



7. 3.1.2 Prem isaln Setimp The premission setuip program initializes the
computer with the data required for the next mission. The first data entered

are for historical purposes,1i.e., date, mission number, and RPV number.
These are followed by a request for meteorological data, which would be re-
quired for the legs of a dead reckoning operation. The program then initializes

the charts used on both X-Y plotters to permit real-time RPV position display.

Finally, the computer accepts the waypoint data. Up to 50 waypolnts may be pro-
grammed for infligh navigation. Each waypoint is entered as a data word: way'-
point number, UTM easting, UTM northing, altitude, and airspeed. The UTM
coordinates identify the location of the waypoint. The altitude and- airspeed

values are the commands that will be transmitted to the RPV while flying to that
waypoint. Waypoint planning sheets are used during mission planning to record

these data for entry Into the computer. The waypoint planning sheet is shown

in Figure 160.

7.*3.*1.*3 Tralner-RImulator The trainer-simulator program, along with a

simulator modification assembly, allows the ground crew to simulate a mis-
sion in real time once it has been programmned as described above. This pro-
gram presents moving X-Y plotter displays and realistic RPV status indica-
tdons, and allows full use of the search, loiter. dead reckoning, and waypoint
reprogramming capabilities of the system for crew training or for simulation.

For retrieval simulation, the program generates a pedetlvldisplay for
te Mal approach video camera system, which allows operators to realistically
practice retrieval techniques.

7.3.1.4 &NT~ The self-test program exercises all computer-geeae
display widt tbe O. The self-test Is accomplished in approx~mately 8 min,

wAg whMc Uni Sh ot am! sensor operator verWf that the displays and

7.3.1.5 1mb.& Tlb kim h pIrrM ytalay steps through a series
of oopte-lss wMek of the RPV flih ontrol system and engine
prIor lo bln theW ainh o trats wits.n the 00. By providing written
prompts to the p"lot i t th*gpe. te sompiter SAt measures the
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zero rate bias values of the RPV yaw/roll rate gyro and asks the pilot for a

proceed Instruction If the value is beyond preset limits. The program then

cycles the autopilot heading rate loop through a series of six preset com-

mands. f either of the two elevon displacements is found to be out of limits,

the computer will again ask if the pilot wants to proceed. When the RPV

engine has been started, the program will monitor engine temperature until it

passes a preset value. At this time the computer will command zero altitude

(idle rpm). If the idle rpm is within limits, the computer will command max-

imum altitude (full rpm). When full rpm is attained, the computer will meas-

ure this value and, if it is within acceptable limits, the computer will again

command zero altitude and measure the speed at which the engine responds to

the command. if any of the engine tests were out of limits, the computer will

inform the pilot of the failure and query him to find out if he wishes to pro-

oeed. If all engine tests were within limits, the computer will command max-

imum rpm and stand by for the pilot to launch the RPV.

7.3.1.6 Waypohat Navigation. Immediately after launch the computer enters

the waypoint navigation program. At this time the altitude and airspeed

stored in the computer for the first waypoint are transmitted to the RPV.

Using conventional rectangular coordinates, the computer generates the for-

mula for a line onnecting two points, the launoh point and the next waypoint.

Converting the range and bearing of the RPV from polar coordinates to the

same rectangular coordinate system described above, the computer calculates

the UTM coordinates of the RPV, In meters, and displays these coordinates on

the video monitor. The computer also calculates the distance, D, in meters

between the current position and the desired ground track line, measured per-

pendicular to the line. Figure 161 diagrams the "sense" of a typical D value.

This value D is used in the following equation to generate RPV heading rate

commands, fHo that will steer the RPV over the desired ground track:
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The above equation is simolified for discussion purposes. The actual value of

D used during flight is corrected for indicated airspeed to equalize system

response over wide variations in airspeed. D is the derivative of D, and

KD . Kb, and K D are gain constants. The integral term is used to "wash

out" bias errors in the yaw/roll rate gyro used In the RPV. This term is

zeroed for 60 sec after the RPV turns to a new waypoint, or at times when

the calculated value of D is greater tian 100 m. The various limit values,

LIM, are provided to prevent those terms from overdriving the system due

to discontinuities in the flightpath at the various waypoints. As the RPV

approaches within 500 m of the next waypoint, the computer wil switch way- )

points, and the next leg will begin. Typical tracking accuracy attained during

the field test operations to date are in the order of h 100 m from track.

Search and loiter are also Included in the waypoint program. The guidance

equations for both are similar to the waypoint equation described above, and

are as follows:

r60o 601 075O L) +I (L- L) (6)

n 0M5 0 (L ) M (L O -L) (7)

L8LEhK*30 IAS

Ho lS 360/(L- 2w)• -- I (8)

where

L - RPV distance to loiter point

Lo - 500 + (K - AT)
AT = time since loiter button was pushed
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+ [f(KD. D) dt] Lim

During loiter, K • AT is forced to zero to ensure a loiter radius of 500 m.

To initiate either the loiter or the search pattern, loiter or search is com-

manded. f loiter is being flown, the computer will command a right turn onto

a circular track with a 500-m radius around the point where the RPV was lo-

cated when the command was given. The .RPV will remain in this pattern until

another flight mode is selected.

f search is being flown, the RPV has several options: spiral search, moving

box, and squarwi S. A visual representation of these patterns Is shown in

Figure 162. The computer will command the RPV to fly a variation of one of

these basic search patterns any time the search mode is selected. The exact

pattern flown is determined by the values entered in waypoint registers 60

through 69 prior to launch. If no data are entered in these registers, the RPV

will fly the "default" spiral search pattern using a modified loiter equation as

shown above. If appropriate data are entered in registers 60 through 69, the

computer interprets the data in the northing and easting columns to be offset
distances to be flown alongside of or acrous track, and the RPV will fly a
pattern similar to type b or c, as shown in Figure 162. Once another flight mode

a. b. c.

Figure 162. Searoh Patterns
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command is initiated, the RPV will depart the search pattern and proceed to

execute the new command.

Due to the many variations possible In the search, loiter, and waypoint modes,

Reference 17, Vol. 1, Appendix A, ,Vaypoint Guidance," should be referred

to for detailed information on this subject.

7.3.1.7 Status Displays. The status display program continuously monitors

the RPV downllnk and converts the status data Into a usable format,wlich is

routed to the various console displays within the GCS.

7.3.1.8 Target Location. The target location program calculates the actual

ground UTM location of the target through a series of geometric coordinate

transformations using known and measured system parameters. The following

data are required to calculate the target position:

* GCS antenna coordinate, northing

" GCS antenna coordinate, easting

" RPV altitude, alt

i RPV grid bearing from tracking antenna, ax

e RPV range from tracking antenna, range

e Three-axis magnetometer output, X., Ys, Zs

e RPV pitch angle, 8

* RPV roll angle, 0

e Laser azimuth relative to RPV, s

e Laser declination relative to RPV, es
* Laser range to target, RT

Northhn and easting coordinates are calculated by the computer as part of the

site setup program. The location of the RPV is calculated by measuring alt,

az, and ramp. Once the RPV position bas been calculated, the target location

is determined adding the RPV-.to-targst northing, NT, and ttng, ZT , Com-
ponents to the RPV northing and easting components. NT and ,T are oalou-
lated as follows:
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t- sn 0 si (10)

NT = 18 O Cos COS 0c 0s coso s - sin0cos oos 0 sins

+ oossin 0sin0cos ss i n s - sin sin sinOs

- coo sin 0 cos sin e (11)

ET RT in 0 cos 0 cos 0soos 8 + cos cos cos 0 sin 0s

+ cososino sine + sin$'sinGsin cosG sin 0 a

- sin 0 sin 0 cos 0 sinO (12)

Target altitude, HT, is calculated in a similar manner using the following

equation:

HT = RT I- sin 0cos s oosO 8 + oos sin coo 8s s i n 0s

- cose cos sin 0.] (13)

A circular error of probability (CEP) goal of 100 m and a 50-percent-

Probability altitude accuracy goal of 75 m were assigned for target location

accuracy at target ranges of 20 km from the GCS and 2 km from the RPV using

a laser oomounted with the stabilized video camera. Table 14 summarizes

the contractor flight test results.
e

7 .3. 1.9 Arfllen Offse. The artillery offset calculation uses the same for-

mula as the target location program, but with some additions. The initial
target coordinates ar calculated and stored in he computer, sad, when the
artillery burst is dtected, a movable cuwsor is placed over the burst. The
position of this cursor is amured, relative to the target, on the video
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monitor in both horizontal, AI, and vertical, AV, directions. These values,

along with the payload camera optical lens focal length, F, in counts, are used

to calculate pseudo sensor position angles 9. and 0. and pseudo laser range

values RT.

0' = (AV) (2. 178 x 10-6) (F') + 08 (14)

= (AH) (2.904 x 10-6) (F') + 08 (15)

5

o -A a (16)
1 (a - 0,cot 8;

where

F' = F + 75 If F < 75
F' = 2F f F ? 75

The pseudo position and range values are substituted into the original target

location equation, and the location of the burst is calculated. &sbtracting the

burst location from the target location, the computer provides burst offset

data to the display panel.

Army specifications call for burst offset data to be calculated to an accuracy

of * 25 m. Test data indicated inconsistent performance which was subsequently

traced to an erroneous formulation in the software. The design performance.of

the system should meet the 25-m requirement after correction of the formulation.

7.3.1.10 Fnid hino . Durit nal appwaek the computer measures
video ni dlu sln of the BPV In bo* horo t A and vAltio
AVR, plans. Using thes vale alW Wsh rangs froms toe proud reovery
camer to the not, . the Coimputer caIlue the horizota, D And

vil , DV, displaoemnts of th RPV from the retrieval gide slopes
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if. -[K D)I + (Kb. f)LIM] Lim +If(KD1* D) LMdt

+ fths]LMID (17)

Horizontal displacements are oorreoted by using Di In place of D In an equa-
tion of the type used for waypoint guidance. The pins and limits are changed
to permit rapid vehicle response for offset from the desired track. In the
vertical plane, the following equation I used to generate a vertical velocity
command, c , which Is transmitted to the RPV:

-o -[Kz ( + db)z 1Z8

Both commands, ho and o areused by the RPV from Initiation of final
approach through Impact with the vertical net. light test data to date Indi-
cate a 1-sig ma miss distance (from the center of the net) of 0.6 m, well within

the aooepble recoery envelope.

7.3.1.11 Pot Mission. The pout-mission program prints pbotogra*Ic

camera frame Information on flighMs in which the 35-mm mini-pan film oam-
era Is used. Also printed are laumnber Interrupt times from which time of
lanch &d launch velocity can be oalculated.
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Section VIII
CONCLUSIONS

The Aquila RPV system has provided the U.S. Army with hands-on RPV ex-

perience in field exercises that became routine. The testing accomplished

by LMSC and the Army supports the following conclusions:

0. Current technology, when applied in a suitable development program,

can produce a highly effective Army tactical RPV system.

0 A tactical RPV system will greatly enhance Army. artillery effective-

ness through improved battlefield surveillance, target detection,

target recognition, target location, fire correction, and target desig-

nation.

0 A tactical RPV system could be compatible with and complementary

to existing and near-future Armr equipment and operations. 

* A tactical RPV system should include the following operational

features: (1) mobility equivalent to artillery batteries using conven-

tional Army ground vehicles; (2) operation from unprepared sites;

(3) capability of rapid deployment, short cycle time, and rapid re-

location; and (4) operability with a small crew of enlisted personnel

(ES to EG) roqiring Inimal training.

From 1 December 1975 through November 1977 the Aquila system completed

149 flights- 35 were conducted by Lockheed personnel, 114 by Army teams at

Fort Huachuca. During the Army test program an average flight rate of one ',

per day wa achieved by Army enlisted personnel. Two fnights per day were

achieved on occasion and once de fliot. were accomplished in one day.

On occasion, the same RPV was used with less than 1 hour turnaround time. &
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The contractor and the Army have experienced minimal flight hardware losses.

A summary of flights and losses is shown in Table 26. Clearly, the high (50

percent) loss rate experienced during the early test period, before the intro-

duction of the vertical ribbon barrier (VRB) retrieval system, was almost en-

tirely eliminated after the retrieval system change. Army testing, as of the

date of completion of the TRADOC tests, shows only an 8-percent loss rate due

to hardware problems, for an overall program loss rate of only 9 percent

attributable to hardware problems. Since the VRB retrieval system was im-

plemented (completing the system evolution) in September 1976, 117 flights

( were conducted, of which 110 were successfully recovered. Two of the seven

losses were attributed to human error. For this period, therefore, the over-

all loss rate was 6 percent, and the loss rate due to hardware problems was

only 4.27 percent. This flight test record represents a successful achievement

unprecedented In the history of RPV development.

TABLE 26. SUMMARY OF FLIGHTS AND LOSSES

Total Total
Total of System Army Program Program
system Validation LMSC Flight. Flights Flights

Validation Flights Flight. With As of With
Test Sgmeat Flighte Before VRB After VRB VRB 21 Oct 77 VRB

Total Flight. 65 14 51 66 131 117

Total Losses 8 7 1 6 14 7

Human Error 1 - 1 1 2 2
Losses

Hardware- 7 7 0 5 12 5
Problen
Losses

Hardware- 11 50% 0% 8% 9% 4.27%
Problem
LOW rddio

Los hJ



During the light operations, the usefulness of RPVs In, onducting surve~lance,
target acquisition, target recognition, and target designatn in the field en-
vironmeant was examined. The Aquila, system technology, dmonstrator has
clearly demonstrated the operational utility of RPV systems through the
successful Integration of airframe, propulsion, sensor,' command and control,
navigation, data link, launch, and recovery technologies.

More specific conclusions wiU certainly result from the Army field tests.
At this point in the assessment, however, trends that are developing and
preliminry findings can be discussed. Tables 27 through 30 summarize
the conclusions relative to the characteristics of the Aquila System. Dis-
cussion of the tables follows.

8.1I REMOTELY PILOTED VEHICLE

The Aquila RPV provides the flight performance necessary to conduct effective
field operations witout climb, descent, and transit times distracting sinit
cantly from the time for targeting functions. This was the basic objective of
the Army requirements (Table 27), an objective that was based on Army ex-
perismo. in previous prognam. Pudorniance goals most significant to missionf
capabily were essentially met byr Aq1Ulla AS dmnta by flight tests.
Mazimum ipee, d.eih, and time-to-Climb, performance capabilities are be-
low the specifications for Aquila am shown in Table 27, but did not distract from
system operations. Further testing and evaluan by the Army will be neces-
say to otoly factors such as tactics and vulnerability to fully determine re-
cpalred pefoanecpabilities for a tactical RPV system.

Guiance and control spcfctosshown in Table 27 were Afll provided and
dmomdaed. wit te AdUll EPY. Even the dead redola hardware was

dem 1tra --A. but a. circut asomaly in te autopiot maide recuiiin rtc

after te mode was changed. A Wowr hange in te sutlo to correct tom
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anomaly was deferred to permit continuation of more critical flight tests. The

dead reckoning mode is not available pending that design change.

8.2 DATA LINK AND COMMAND AND CONTROL

Requirements and characteristics of the data link and command and control

system are given in Table 28. Overall performance of the data link was good;

however, some aspects proved troublesome. The single-axis tracklng antenna

produced apparent range errors due to shifts in antenna polarization induced

by RPIV motion. The resulting snaking motion of the RPV degraded targeting

capability with the unstabilized video sensor. Hardware and/or software fixes

could alleviate this problem. Another problem concerned the fixed vertical

position of the tracking antenna lobe which required a switchable broad and

narrow beam option to provide necessary coverage. The Imprecise track-

Ing of the broad beam sometimes produced oscillatory deviations In the RPV

flightpath. The situation was "tolerated" in order to continue with the flight

tests, but would require resolution for a tactical system.

8.3 GROUND SUPPORT SYSTEM

Table 29 compares the characteristics of the Aquila ground support systems

with the program requirements and pals. The modified shelter proved accep-

table for a wide range of climatic conditions. Console controls were accep-

table, as were the displays provided. Tape and video recorders and the corn-
puter provided excellent postmission data, but;proved somewhat sensitive to
temperatue variations. More rugged militaitzed units would be required for
a tatialsystem. I

A flnallsad of th sbuttle-to-IPV Interface, the lwbar performed with
high relIabdity. Th vertical barrier retr$val sysla &W perftrmed with

high reliability, aspreviously dlucmfsad.
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8.4 NAVIGATION AND TARGETING

Table 30 compares the Aquila characteristics with program requirements and

goals. Overall performance was excellent. Degradation of target detection j
and recognition with the unstabilized TV is the only major deviation. Several

factors, including data-link-induced RPV oscillation, degradation of resolution

on a recorded video tape, and limited sensor operator experience at the time

the data were taken make this assessment preliminary at best and highly con- 4

servative. Improvement is expected with further experience and evaluation

using the monitor directly instead of video tape. With the limited data analysis,

other system targeting performance parameters appear to be fully acceptable

for demonstrating the potential for tactical RPV systems and for evolving de-

sign requirements for those systems.

I
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